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(57) Abstract: 
[Object] 

To improve performance and solve technical issues in the field 
of semiconductor device microfabrication that employs electron beams 
or x-rays, and to provide a chemically amplified negative resist 
composition for electron beams and x-rays having satisfactory 
properties of sensitivity, resolution, resist profile, development defect 



occurence, and coatability upon using electron beams and x-rays. 

[Solving Means] 

A chemically amplified negative resist composition for electron 
beams and x-rays comprising chemical compounds that generate at 
least one of an acid and a radical upon irradiation of an electron beam 
or x-ray, alkali-soluble resins, cross-linking agents that are induced by 
an acid, and fluorosurfactants and/ or silicone surfactants. 



[Scope of Claim for a Patent] 
[Claim 1] 

A negative resist composition for electron beams and x-rays 
comprising (A) a chemical compound that generates at least one of an 
acid and a radical upon irradiation of one of an electron beam and 
x-ray, (B) a resin insoluble in water and soluble in an alkaline aqueous 
solution having at least one unsaturated bond that can be polymerized 
by at least one of an acid and a radical, (C) a cross-linking agent that 
forms cross-links with the resin (B) upon the action of the acid, and (D) 
at least one of a fluorosurf actant and a silicone surfactant. 

[Claim 2] 

A negative resist composition for electron beams and x-rays as 
in Claim 1, wherein the resin (B) comprises a repeating unit having the 
general formula (a): 

[Formula 1] 
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(a) 



wherein Ri represents hydrogen, halogen, cyano, substituted or 
unsubstituted alkyl, or substituted or unsubstituted haloalkyl; R2, R3, 
and R4 independently represent hydrogen, a group having the general 
formula (b), (c), or (d), substituted or unsubstituted alkyl, substituted 
or unsubstituted cycloalkyl, substituted or unsubstituted aryl, 
substituted or unsubstituted aralkyl, or substituted or unsubstituted 
acyl; R5 and R6 may be the same or different representing hydrogen, 
hydroxyl, halogen, cyano group, substituted or unsubstituted alkyl, 
substituted or unsubstituted cycloalkyl, substituted or unsubstituted 
alkenyl, substituted or unsubstituted aralkyl, or substituted or 
unsubstituted aryl; the general formulae (b), (c), and (d) are as 
follows: 

[Formula 2] 
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wherein R7, Rs, R9, Rio, R11, R12, Ri6, and R17 independently represent 
hydrogen, halogen, cyano, substituted or unsubstituted alkyl, or 
substituted or unsubstituted haloalkyl; R13 and R14 independently 
represent hydrogen, halogen, hydroxyl, substituted or unsubstituted 
alkyl, substituted or unsubstituted alkoxy, or substituted or 
unsubstituted acyloxy; R15 represents hydrogen, substituted or 
unsubstituted alkyl, substituted or unsubstituted cycloalkyl, 
substituted or unsubstituted aralkyl, or substituted or unsubstituted 
aryl; Ai represents a single bond, a substituted or unsubstituted 
divalent group selected from alkylene, alkenylene, cycloalkylene, and 
arylene, or a divalent group selected from -O-, -SO2-, -O-CO-R20-, 
-CO-O— R21-, and -CO-N(R22)-R23-; R20, R21, and R23 are the same or 



different and represent a single bond, or a substituted or unsubstituted 
divalent group selected from alkylene, alkenylene, cycloalkylene, and 
arylene each of which may contain ether, ester, amide, urethane, or 
ureide; R22 represents hydrogen, substituted or unsubstituted alkyl, 
substituted or unsubstituted cycloalkyl, substituted or unsubstituted 
aralkyl, or substituted or unsubstituted aryl; A2 represents a single 
bond, -O-R21-, or -N(R22)-R23-; A3 represents a single bond, -SO2-, or a 
substituted or unsubstituted arylene that may optionally contain 
alkylene; A4 represents a single bond, a substituted or unsubstituted 
divalent group selected from alkylene, cycloalkylene, and arylene, -O, 
-SO2-, -CO-, or -CO-O-R21-; x, y, and z represent 0 or 1; m and n 
represent 0, 1, or an integer greater than 1; the repeating unit of the 
general formula (a) contains at least one group having the general 
formula (b), (c), or (d); and two of R2, R3, and R4, or one of R2, R3, R4 
and R5 or R6 may be joined to form a ring. 

[Claim 3] 

A negative resist composition for electron beams and x-rays as 
in one of Claim 1 and Claim 2, further comprising (E) a compound 
having at least one unsaturated bond that can be polymerized by at 
least one of an acid and a radical. 

[Claim 4] 

A negative resist composition for electron beams and x-rays as 



in one of Claim 1, Claim 2, and Claim 3, further comprising (F) an 
organic base. 

[Claim 5] 

A negative resist composition for electron beams and x-rays as 
in one of Claim 1 to Claim 4, wherein the chemical compound (A) is 
one selected from sulfonium sulfonates and iodonium sulfonates. 

[Claim 6] 

A negative resist composition for electron beams and x-rays as 
in one of Claim 1 to Claim 4, wherein the chemical compound (A) is 
one of a N-hydroxyimide sulfonate compound and a disulfonyl 
diazomethane compound. 

[Claim 7] 

A negative resist composition for electron beams and x-rays as 
in one of Claim 1 to Claim 6, wherein the cross-linking agent (C) is one 
of a hydroxymethylated phenol, alkoxymethylated phenol, and 
acyloxymethylated phenol. 

[Claim 8] 

A negative resist composition for electron beams and x-rays as 
in one of Claim 1 to Claim 6, wherein the cross-linking agent (C) is one 
of alkoxymethylated melamine compound, alkoxymethylated 
melamine resin, alkoxymethylated urea compound, alkoxymethylated 



urea resin, acyloxymethylated melamine compound, 
acyloxymethylated melamine resin, acyloxymethylated urea 
compound, and acyloxymethylated urea resin. 

[Claim 9] 

A negative resist composition for electron beams and x-rays as 
in one of Claim 1 to Claim 8, wherein the negative resist composition 
is irradiated with an electron beam under a condition of acceleration 
voltage at 75 keV or higher. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field Pertinent to the Invention] 

The present invention relates to a negative resist composition 
suitably used for super-microlithography processes and other 
photofabrication processes for the fabrication of VLSI, high capacity 
microchips, and the like. More specifically, it relates to a negative 
photoresist composition that enables formation of extremely fine 
patterns using x-rays, electron beams, and the like, and still further 
specifically, it relates to a negative resist composition suitably used for 
microfabrication of semiconductor devices using high-energy 
radiation such as electron beam and the like. 

[0002] 

[Description of the Prior Art] 



Ever-higher integration of integrated circuits has lead to the 
demands for microfabrication of ultra fine patterns comprising 
sub-half-micron line widths in manufacturing semiconductor 
substrates of VLSI and the like. To meet such demands, wavelengths 
of radiation used in exposure apparatuses for photolithography have 
been shifted ever lower to the extent that far ultraviolet and excimer 
laser (XeCl, KrF, ArF, and the like) lights are now under consideration. 
Furthermore, the use of electron beams and x-rays for even finer 
pattern fabrication is being discussed. 

[0003] 

Electron beam lithography and x-ray lithography are 
considered as the pattern fabrication technologies of the next 
generation or even the next next generation, which require highly 
sensitive and highly-resolvable negative resists capable of forming a 
well-shaped resist profile with vertical sidewalls. Electron beam 
lithography is a technique wherein an accelerated electron beam 
collides with and scatters from atoms of a resist material to provide 
the resist compound with the energy that causes the resist material to 
react and form an image. Using a highly accelerated electron beam 
increases linearity and reduces the effect of electron scattering so that 
patterns with high resolution and vertical wall profile can be formed, 
but at the same time it increases transmittance of the beam, resulting 
in lower sensitivity. Because of such trade-off relationship of 
sensitivity versus resolution and resist profile in electron beam 



lithography, it has been a challenge to improve all these properties 
concurrently. To meet the challenge, highly sensitive chemically 
amplified resists, which mainly incorporate acid catalyst reactions, are 
employed. For negative resist compositions, alkali-soluble resins, 
acid generators, and acid-induced cross-linking agents have been 
effectively used as their main components. 

[0004] 

Various types of alkali-soluble resins have been suggested for 
negative chemically amplified resists. Examples include novolac 
phenol resins disclosed in Japanese Patent (JP-B) No. 2505033, 
Japanese Patent Application Laid-Open (JP-A) No. 03-170554, and 
JP-A No. 06-118646, polyvinyl phenol resins having narrow molecular 
weight distribution as disclosed in JP-A No. 07-311463 and JP-A No. 
08-292559, partly modified phenol resins containing cyclic alcohols by 
addition of hydrogen as disclosed in JP-A No. 03-87746 and JP-A No. 
08-44061, polyvinyl phenol resins having a portion of hydroxyl groups 
protected by alkyl as disclosed in JP-A No. 07-295200 and 08-152717, 
polyvinyl phenol resins containing acid-inactive protecting groups 
such as acyl as disclosed in JP-A No. 08-339086, polyvinyl phenol 
resins co-polymerized with styrene as disclosed in JP-A No. 06-67431 
and JP-A No. 10-10733, polyvinyl phenol resins co-polymerized with 
(meth)acrylate monomers as disclosed in JP-A No. 09-166870, and 
resins having carboxyl as disclosed in JP-A No. 08-240911. 



[0005] 

As for acid generators, examples include organic halogen 
compounds disclosed in Japanese Patent Application Publication 
(JP-B) No. 08-3635, aromatic compounds substituted by bromide and 
chloride disclosed in JP-A No. 02-52348, aromatic compounds having 
alkyl and alkoxy each substituted by bromide and chloride as 
disclosed in JP-A No. 04-367864 and JP-A No. 04-367865, iodonium 
and sulfonium compounds disclosed in JP-A No. 02-150848 and JP-A 
No. 06-199770, haloalkane sulfonate compounds disclosed in JP-A No. 
03-87746, diazo disulfone and diazo sulfone compounds disclosed in 
JP-A No. 04-210960 and JP-A No.04-217249, alkyl triazine compounds 
substituted by bromide and iodine disclosed in JP-A No. 04-336454, 
sulfonamide compounds and sulfonimide compounds disclosed in 
JP-A No. 04-291258, polyhydric phenol sulfonates disclosed in JP-A 
No. 04-291259, naphthoquinone diazide-4-sulfonate compounds 
disclosed in JP-A No. 04-291260, JP-A No. 04-291261, and JP-A No. 
06-202320, disulfone compounds disclosed in JP-A No. 05-210239, 
N-oxyimido sulfonate compounds disclosed in JP-A No. 06-236024, 
and benzyl sulfonate compounds disclosed in U.S. Patent No. 5344742. 

[0006] 

Furthermore, acid-induced cross-linking agents are described 
elsewhere. For example, JP-A No. 03-75652, JP-A No. 05-181277, and 
JP-A No. 07-146556 disclose methoxy methylmelamine compounds, 
JP-A No. 04-281455, JP-A No. 05-232702, and JP-A No. 06-83055 



disclose compounds having alkoxymethyloxy (alkoxymethyl ether 
group), JP-A No. 05-281715 discloses oxazine compounds, JP-A No. 
05-134412 and JP-A No. 06-3825 disclose aromatic compounds having 
alkoxyalkyl, JP-A No. 06-194838 discloses trioxane compounds, and 
JP-A No. 01-293339 discloses compounds having alkoxymemylimino 
(also known as alkoxymethylnitrene or alkoxymethylaminylene 
having the formula ROCH 2 N<). However, no combination of these 
substances is capable of fully achieving sufficient sensitivity under 
irradiation of electron beams of high acceleration voltage or x-rays. 
In addition, achieving satisfactory levels of sensitivity, resolution, and 
resist profile simultaneously has been the issue for these compounds. 
Furthermore, the capability of inhibiting development defects and a 
good coatability (the capability of forming an uniform coating) have 
been required. 

[0007] 

[Problem to be Solved by the Invention] 

It is, therefore, an object of the present invention to meet the 
challenges of performance-enhancing techniques in microfabrication 
of semiconductor devices that incorporates electron beams or x-rays, 
and to provide a negative chemically amplified resist composition for 
electron beams and x-rays wherein the composition has satisfactory 
properties of sensitivity, resolution, resist profile, development defect, 
and coatability upon the use of electron beams and x-rays. It is 
another object of the present invention to provide a negative 



chemically amplified resist composition for electron beams and x-rays 
having high sensitivity applicable to next-generation EB irradiation 
apparatuses (EB block irradiator or EB stepper that are aimed to 
improve throughput) that are suitable for semiconductor device 
production. 

[0008] 

[Means for Solving Problem] 

The inventors of the present invention have discovered, after 
intensive discussions on the properties described above, that the 
objects of the present invention can be accomplished by using certain 
compositions illustrated below and thus completed the present 
invention. The present invention comprises the following 
compositions. 

[0009] 

(1) A negative resist composition for electron beams and 
x-rays comprising (A) a chemical compound that generates at least one 
of an acid and a radical upon irradiation of one of an electron beam 
and x-ray, (B) a resin insoluble in water and soluble in alkaline 
aqueous solution having at least one unsaturated bond that can be 
polymerized by at least one of an acid and a radical, (C) a cross-linking 
agent that forms cross-links with the resin (B) upon the action of the 
acid, and (D) at least one of a fluorosurfactant and/ or silicone 
surfactant. 



[0010] 



(2) A negative resist composition for electron beams and 



x-rays as in (1), wherein the resin (B) comprises a repeating unit 
having the general formula (a): 

[0011] 
[Formula 3] 



wherein Ri represents hydrogen, halogen, cyano, substituted 
or unsubstituted alkyl, or substituted or unsubstituted haloalkyl; R2, 
R3, and R4 independently represent hydrogen, a group having the 
general formula (b), (c), or (d), substituted or unsubstituted alkyl, 
substituted or unsubstituted cycloalkyl, substituted or unsubstituted 
aryl, substituted or unsubstituted aralkyl, or substituted or 
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[0012] 



unsubstituted acyl; R5 and Re are the same or different and represent 
hydrogen, hydroxyl, halogen, cyano group, substituted or 
unsubstituted alkyl, substituted or unsubstituted cycloalkyl, 
substituted or unsubstituted alkenyl, substituted or unsubstituted 
aralkyl, or substituted or unsubstituted aryl; the general formulae (b), 
(c), and (d) are as follows: 



[0013] 
[Formula 4] 
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[0014] 

wherein R 7/ Rs, R9, Rio, R11, R12, Ri6, and R17 independently 
represent hydrogen, halogen, cyano, substituted or unsubstituted 
alkyl, or substituted or unsubstituted haloalkyl; R13 and R14 
independently represent hydrogen, halogen, hydroxyl, substituted or 
unsubstituted alkyl, substituted or unsubstituted alkoxy, or 
substituted or unsubstituted acyloxy; R15 represents hydrogen, 
substituted or unsubstituted alkyl, substituted or unsubstituted 
cycloalkyl, substituted or unsubstituted aralkyl, or substituted or 
unsubstituted aryl; Ai represents a single bond, a substituted or 
unsubstituted divalent group selected from alkylene, alkenylene, 
cycloalkylene, and arylene, or a divalent group selected from -O-, 
-SCV, -O-CO-R20-, -COO— R21-/ and -CO-N(R22)-R23-; R20, Rai, and R23 
are the same or different and represent a single bond, or a substituted 
or unsubstituted divalent group selected from alkylene, alkenylene, 
cycloalkylene, and arylene each of which may contain ether, ester, 
amide, urethane, or ureide; R22 represents hydrogen, substituted or 



unsubstituted alkyl, substituted or unsubstituted cycloalkyl, 
substituted or unsubstituted aralkyl, or substituted or unsubstituted 
aryl; A2 represents a single bond, -O-R21-, or -N(R22)-R23-; A3 
represents a single bond, -SO2-, or a substituted or unsubstituted 
arylene that may optionally contain alkylene; A4 represents a single 
bond, a substituted or unsubstituted divalent group selected from 
alkylene, cycloalkylene, and arylene, -O-, -SO2-, -CO-, or -CO-O-R21-; 
x, y, and z represent 0 or 1; m and n represent 0, 1, or an integer 
greater than 1; the repeating unit of the general formula (a) contains 
at least one group having the general formula (b), (c), or (d); and two 
of R2, R3, and R4, or one of R2, R3, R4 and R5 or R6 may be joined to form 
a ring. 

[0015] 

(3) A negative resist composition for electron beams and 
x-rays as in one of (1) and (2), further comprising (E) a compound 
having at least one unsaturated bond that can be polymerized by at 
least one of an acid and a radical. 

[0016] 

(4) A negative resist composition for electron beams and 
x-rays as in one of (1), (2), and (3), further comprising (F) an organic 
base. 



[0017] 



(5) A negative resist composition for electron beams and 
x-rays as in one of (1) to (4), wherein the chemical compound (A) is 
one selected from sulfonium sulfonates and iodonium sulfonates. 

[0018] 

(6) A negative resist composition for electron beams and 
x-rays as in one of (1) to (4), wherein the chemical compound (A) is 
one of a N-hydroxyimide sulfonate compound and a disulfonyl 
diazomethane compound. 

[0019] 

(7) A negative resist composition for electron beams and 
x-rays as in one of (1) to (6), wherein the cross-linking agent (C) is one 
of a hydroxymethylated phenol, alkoxymethylated phenol, or 
acyloxymethylated phenol. 

[0020] 

(8) A negative resist composition for electron beams and 
x-rays as in one of (1) to (6), wherein the cross-linking agent (C) is one 
of alkoxymethylated melamine compound, alkoxymethylated 
melamine resin, alkoxymethylated urea compound, alkoxymethylated 
urea resin, acyloxymethylated melamine compound, 
acyloxymethylated melamine resin, acyloxymethylated urea 
compound, and acyloxymethylated urea resin. 



[0021] 

(9) A negative resist composition for electron beams and 
x-rays as in one of (1) to (8), wherein the negative resist composition is 
irradiated with an electron beam under a condition of acceleration 
voltage at 75 keV or higher. 

[0022] 

[Embodiments] 

The compounds for the present invention are described in 
detail in the following sections. 

(1) Resins (B) of the present invention 

The resin (B) of the present invention is insoluble in water and 
soluble in alkaline aqueous solution, the resin having at least one 
unsaturated bond that can be polymerized by at least one of an acid 
and a radical. Preferred resins can be selected from a wide range of 
resins such as phenol novolac resins, polyvinyl phenol resins, 
copolymers having a repeating structural unit derived from vinyl 
phenol, resins derived from a polyvinyl phenol resin by protecting or 
modifying a portion of the resin, and resins derived from 
poly(meth)acrylates having phenyl of which a portion or all of phenyl 
groups are substituted with groups containing unsaturated bonds that 
can be polymerized by at least one of an acid and a radical. 
Preferable resins are those derived from phenol having a repeating 
structural unit of the general formula (a) as described above. 



[0023] 

In the general formula (a), Ri represents hydrogen, halogen, 
cyano, substituted or unsubstituted alkyl, or substituted or 
unsubstituted haloalkyL Rz, R3, and R4 independently represent 
hydrogen, a group having the general formula (b), (c), or (d), 
substituted or unsubstituted alkyl, substituted or unsubstituted 
cycloalkyl, substituted or unsubstituted aryl, substituted or 
unsubstituted aralkyl, or substituted or unsubstituted acyl. R5 and R6 
are the same or different and represent hydrogen, hydroxyl, halogen, 
cyano group, substituted or unsubstituted alkyl, substituted or 
unsubstituted cycloalkyl, substituted or unsubstituted alkenyl, 
substituted or unsubstituted aralkyl, or substituted or unsubstituted 
aryl. 

[0024] 

R 7 , Rs, R9, Rio, R11, R12, Ri6, and R17 independently represent 
hydrogen, cyano, substituted or unsubstituted alkyl, or substituted or 
unsubstituted haloalkyL R13 and R14 independently represent 
hydrogen, halogen, hydroxyl, substituted or unsubstituted alkyl, 
substituted or unsubstituted alkoxy, or substituted or unsubstituted 
acyloxy. R15 represents hydrogen, substituted or unsubstituted alkyl, 
substituted or unsubstituted cycloalkyl, substituted or unsubstituted 
aralkyl, or substituted or unsubstituted aryl. 



[0025] 

Ai represents a single bond, a substituted or unsubstituted 
divalent group selected from alkylene, alkenylene, cycloalkylene, and 
arylene, or a divalent group selected from -O-, -SO2-, -O-CO-R20-, 
-CO-O— R21-, and -CO-N(R22)-R23-. R20, R21, and R23 are the same or 
different and represent a single bond, or a substituted or unsubstituted 
divalent group selected from alkylene, alkenylene, cycloalkylene, and 
arylene each of which may contain ether, ester, amide, urethane, or 
ureide. 

[0026] 

R22 represents hydrogen, substituted or unsubstituted alkyl, 
substituted or unsubstituted cycloalkyl, substituted or unsubstituted 
aralkyl, or substituted or unsubstituted aryl. A2 represents a single 
bond, -O-R21-, or -N(R22)-Rz3- A3 represents a single bond, -SO2-, or a 
substituted or unsubstituted arylene that may optionally contain 
alkylene. A4 represents a single bond, a substituted or unsubstituted 
divalent group selected from alkylene, cycloalkylene, and arylene, -O-, 
-SO2-, -CO-, or -CO-O-R21-. 

[0027] 

Letters x, y, and z represent 0 or 1. Letters m and n represent 
0, 1, or an integer greater than 1. The repeating unit of the general 
formula (a) contains at least one group having the general formula (b), 
(c), or (d). Two of R2, R3, and R4, or one of R2, R3, R4 and R5 or R6 may 



be joined to form a ring. 
[0028] 

Alkyl groups for Ri to R17 and R22 preferably have 1 to 8 
carbon atoms including preferred groups of methyl, ethyl, propyl, 
n-butyl, sec-butyl, hexyl, 2-ethylhexyl, and octyl. 

[0029] 

Cycloalkyl groups for R2 to R5, R15, and R22 may be monocyclic 
or polycyclic. Monocyclic cycloalkyl groups preferably have 3 to 8 
carbon atoms such as cyclopropyl, cyclopentyl, and cyclohexyl. 
Preferred polycyclic cycloalkyl groups are, for example, adamantyl, 
norbornyl, isobornyl, dicyclopentyl, alpha-pinyl, and tricyclodecanyl. 

[0030] 

Alkenyl groups for R5 and R6 preferably have 2 to 8 carbon 
atoms including preferred groups of vinyl, allyl, butenyl, and 
cyclohexenyl. 

[0031] 

Aryl groups for R2 to R6, R15 and R22 preferably have 6 to 15 
carbon atoms including preferred groups of phenyl, tolyl, dimethyl 
phenyl, 2,4,6-trimethyl phenyl, naphthyl, and anthryl. Aralkyl 
groups for R2 to R6, R15 and R22 preferably have 7 to 12 carbon atoms 
including preferred groups of benzyl, phenethyl, and naphthylmethyl. 



[0032] 

Haloalkyl groups for Ri, R7 to R12, Ri6 and R17 preferably have 
1 to 4 carbon atoms including preferred groups of chloromethyl, 
chloroethyl, chloropropyl, chlorobutyl, bromomethyl, and bromoethyl. 
Acyl groups for R2 to R4 preferably have 1 to 10 carbon atoms 
including preferred groups of formyl, acetyl, propanoyl, butanoyl, 
pivaloyl, and benzoyl. 

[0033] 

Alkoxy groups for R13 and R14 preferably have 1 to 8 carbon 
atoms including preferred groups of methoxy, ethoxy, propoxy, and 
butoxy. Acyloxy groups preferably have 1 to 10 carbon atoms 
including preferred groups of acethoxy, propanoyloxy, and 
benzoyloxy. 

[0034] 

Alkylene groups for Ai, A4, R20, R21, and R23 preferably have 1 
to 8 carbon atoms including preferred groups of methylene, ethylene, 
propylene, butylene, hexylene, and octylene. Alkenylene groups for 
Ai, R 2 o, R21, and R23 preferably have 2 to 6 carbon atoms including 
preferred groups of ethenylene, propenylene, and butenylene. 

[0035] 

Cycloalkylene groups for Ai, A4, R20, R21, and R23 preferably 



have 5 to 8 carbon atoms including preferred groups of cyclopentylene 
and cyclohexylene. Arylene groups for Ai, A3, A4, R20, R21, and R23 
preferably have 6 to 12 carbon atoms including preferred groups of 
phenylene, tolylene, xylylene, and naphthylene. 

[0036] 

Substituent groups that may substitute these groups 
described above include those having active hydrogen (such as amino, 
amido, ureido, urethane, hydroxyl, and carboxyl) and other groups 
such as halogen atom (fluorine, chloride, bromide, and iodine), alkoxy 
(methoxy, ethoxy, propoxy, buthoxy, and the like), thioether, acyl 
(acetyl, propanoyl, benzoyl, and the like), acyloxy (acetoxy, 
propanoyloxy, benzoyloxy, and the like), alkoxycarbonyl 
(methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, and the like), 
cyano, and nitro. Specially preferred are the groups containing active 
hydrogen such as amino, hydroxyl, carboxyl, and the like. 

[0037] 

Rings that are formed as two of R2, R3, and R4, or one of R2, R3, 
R4 and R5 or R6 are joined together preferably have 4 to 7 ring 
members including oxygen atom such as benzofuran ring, benzo 
dioxonol ring, benzopyran ring and the like. 

[0038] 

The resins (B) of the present invention may comprise solely of 



the repeating units of the general formula (a), or it may utilize a 
co-polymer featuring additive polymerizable monomers in order to 
further enhance the performance of the negative resist of the present 
invention. 

[0039] 

Monomers that can be used for such co-polymerization 
include, for example, compounds having one unsaturated bond 
capable for addition polymerization selected from the group 
consisting of acrylic esters, acrylamide and its derivatives, 
methacrylates, methacryl amide and its derivatives, allyl compounds, 
vinyl ethers, vinyl esters, styrene and its derivatives, crotonates, and 
the like that are not described above. 

[0040] 

More specifically, acrylic esters include, for example, alkyl 
acrylates preferably having alkyl of 1 to 10 carbon atoms (examples 
include methyl acrylate, ethyl acrylate, propyl acrylate, t-butyl acrylate, 
amyl acrylate, cyclohexyl acrylate, ethylhexyl acrylate, octyl acrylate, 
t-octyl acrylate, chloroethyl acrylate, 2-hydroxyethyl acrylate, 
2,2-dimethyl hydroxypropyl acrylate, 5-hydroxypentyl acrylate, 
trimethylolpropane monoacrylate, pentaerythritol monoacrylate, 
glycidyl acrylate, benzyl acrylate, furfuryl acrylate, tetrahydrofurfuryl 
acrylate, and the like) and aryl acrylates (such as phenyl acrylate and 
the like); 



[0041] 

methacrylates include, for example, alkyl methacrylate 
preferably having alkyl of 1 to 10 carbon atoms (examples include 
methyl methacrylate, ethyl methacrylate, propyl methacrylate, 
isopropyl methacrylate, t-butyl methacrylate, amyl methacrylate, 
hexyl methacrylate, cyclohexyl methacrylate, benzyl methacrylate, 
chlorobenzyl methacrylate, octyl methacrylate, 2-hydroxyethyl 
methacrylate, 4-hydroxybutyl methacrylate, 5-hydroxypentyl 
methacrylate, 2,2-dimethyl-3-hydroxypropyl methacrylate, 

trimethylolpropane monomethacrylate, pentaerythritol 

monomethacrylate, glycidyl methacrylate, furfuryl methacrylate, 
tetrahydrofurfuryl methacrylate, and the like) and aryl methacrylates 
(such as phenyl methacrylate, cresyl methacrylate, naphthyl 
methacrylate , and the like); 

[0042] 

acrylamide and its derivatives include, for example, 
acrylamide and N-alkylacrylamides (preferably having alkyl of 1 to 10 
carbon atoms such as methyl, ethyl, propyl, butyl, t-butyl, heptyl, octyl, 
cyclohexyl, benzyl, hydroxylethyl, and the like), N-arylacrylamides 
(the aryl group of which are, for example, phenyl, tolyl, nitrophenyl, 
naphthyl, cyanophenyl, hydroxyphenyl, carboxyphenyl, and the like), 
N,N-dialkylacrylamides (preferably having alkyl of 1 to 10 carbon 
atoms such as methyl, ethyl, butyl, isobutyl, ethylhexyl, cyclohexyl, 



and the like), N,N-diaryl acrylamides (the aryl group of which are, for 
example, phenyl and the like), N-methyl-N-phenyl acrylamide, 
N-hydroxyethyl-N-methyl acrylamide, and 

N-2-acetoamidoethyl-N-acetyl acrylamide; 

[0043] 

methacryl amide and its derivatives include, for example, 
methacryl amide, N-alkyl methacryl amides (preferably having alkyl 
of 1 to 10 carbon atoms such as methyl, ethyl, t-butyl, ethylhexyl, 
hydroxyethyl, cyclohexyl, and the like), N-aryl methacryl amides (the 
aryl group of which are, for example, phenyl and the like), 
N,N-dialkyl methacryl amides (the alkyl group of which are, for 
example, ethyl, propyl, butyl, and the like), N,N-diaryl methacryl 
amides (the aryl group of which are, for example, phenyl and the like), 
N-hydroxyethyl-N-methyl methacryl amide, N-methyl-N-phenyl 
methacryl amide, and N-ethyl-N-phenyl methacryl amide; allyl 
compounds include, for example, allyl esters (for example, allyl acetate, 
allyl caproate, allyl caprylate, allyl laurate, allyl parmitate, allyl 
stearate, allyl benzoate, allyl acetoacetate, allyl lactate, and the like) 
and allyloxyethanol; 

[0044] 

vinyl ethers include, for example, alkyl vinyl ethers (such as 
hexyl vinyl ether, octyl vinyl ether, decyl vinyl ether, ethylhexyl vinyl 
ether, methoxyethyl vinyl ether, ethoxyethyl vinyl ether, chloroethyl 



vinyl ether, l-methyl-2,2-dimethyl propyl vinyl ether, 2-ethylbutyl 
vinyl ether, hydroxy ethyl vinyl ether, diethylene glycol vinyl ether, 
dimethyl aminoethyl vinyl ether, diethyl aminoethyl vinyl ether, butyl 
aminoethyl vinyl ether, benzyl vinyl ether, tetrahydro furfuryl vinyl 
ether, and the like) and vinyl aryl ethers (such as vinyl phenyl ether, 
vinyl tolyl ether, vinyl chlorophenyl ether, vinyl-2,4-dichloro phenyl 
ether, vinyl naphthyl ether, vinyl anthranyl ether, and the like); 

[0045] 

vinyl esters include, for example, vinyl butylate, vinyl 
isobutylate, vinyl trimethyl acetate, vinyl diethyl acetate, vinyl 
valerate, vinyl caproate, vinyl chloro acetate, vinyl dichloro acetate, 
vinyl methoxy acetate, vinyl butoxy acetate, vinyl phenyl acetate, 
vinyl acetoacetate, vinyl lactate, vinyl-beta-phenyl butylate, vinyl 
cyclohexyl carboxylate, vinyl benzoate, vinyl salicylate, vinyl 
chlorobenzoate, vinyl tetrachloro benzoate, and vinyl naphthoate; 

[0046] 

styrene and its derivatives include, for example, styrene, alkyl 
styrenes (for example, methyl styrene, dimethyl styrene, trimethyl 
styrene, ethyl styrene, diethyl styrene, isopropyl styrene, butyl styrene, 
hexyl styrene, cyclohexyl styrene, decyl styrene, benzyl styrene, 
chloromethyl styrene, trifluoromethyl styrene, ethoxymethyl styrene, 
acetoxymethyl styrene, and the like), alkoxy styrenes (such as methoxy 
styrene, 4-methoxy-3-methylstyrene, dimethoxy styrene, and the like), 



halogen styrenes (for example, chloro styrene, dichloro styrene, 
trichloro styrene, tetrachloro styrene, pentachloro styrene, bromo 
styrene, dibromo styrene, iodo styrene, fluoro styrene, trifluoro 
styrene, 2-bromo-4-trifluoro methyl styrene, 4-fluoro-3-trifluoro 
methyl styrene, and the like), and carboxy styrene; 

[0047] 

crotonates include, for example, alkyl crotonates (such as 
butyl crotonate, hexyl crotonate, glycerin monocrotonate, and the like); 
and dialkyl itaconates (for example, dimethyl itaconate, diethyl 
itaconate, dibutyl itaconate, and the like); dialkyl esters of maleic acid 
or fumaric acid (such as dimethyl maleate, dibutyl fumarate, and the 
like); maleic anhydride; maleimide; acrylonitrile; methacrylonitrile; 
maleonitrile; and the like. Other unsaturated compounds capable of 
addition polymerization and co-polymerization are also generally 
acceptable. 

[0048] 

Of these monomers, ones that improve solubility in alkaline 
aqueous solutions such as maleimide or carboxy-containing 
monomers including carboxy styrene, N-(carboxy phenyl) acrylamide, 
N-(carboxy phenyl) methacryl amide, and the like are preferable as 
one of the co-polymerization components. As for the resin 
compositions of the present invention, the ratio of the additive 
polymerizable monomers to the whole repeating unit is preferably 50 



mole percent or less, more preferably 30 mole percent or less. 



[0049] 

Examples of resins having repeating units of the general 
formula (a) are shown in the following sections. However, these 
examples do not limit the present invention in any aspect. 
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[Formula 16] 



[0062] 

Letters "m", "n", and "o" represent the mole percentage of each 
component of a resin composition. For a two-component resin, "m" 
is in a range of from 10 to 95 and "n" from 5 to 90, with "m" preferably 
ranging from 40 to 90 and "n" from 10 to 60. For a three-component 
resin, "m" is in a range of from 10 to 90, "n" from 5 to 85, and "o" from 
5 to 85, with "m" preferably ranging from 40 to 80, "n" from 10 to 50, 
and "o" from 10 to 50. 

[0063] 

Preferred weight-average molecular weight of the resin (B) 
preferably having a repeating structural unit of the general formula (a) 
is from 1,000 to 200,000, and more preferably from 3,000 to 50,000. 
Molecular weight distribution of the resin is from 1 to 10, preferably 
from 1 to 3, and still more preferably from 1 to 1.5. Resins with lower 
molecular distribution are superior in resolution, resist-profile, and 
roughness with smoother sidewalls in a developed resist pattern. A 
ratio of the repeating unit of the general formula (a) to the whole resin 
is 5 to 100 mole percent, preferably 10 to 90 mole percent. 

[0064] 

An alkali-soluble resin having the structural unit of the general 
formula (a) for the present invention can be synthesized using the 
methods as described in Macromolecules (1995), 28 (11), pp. 3787 - 
3789; Polym. Bull. (Berlin) (1990), 24 (4), pp. 385 - 389; and JP-A No. 



08-286375. These methods employ radical polymerization or living 
anionic polymerization in order to obtain the desired resins. These 
resins may be used singly or as a mixture of two or more of them. 

[0065] 

Here, weight-average molecular weight is determined by gel 
permeation chromatography calibrated with polystyrene standards. 
Preferred dissolution rate of an alkali-soluble resin in a 0.261 N 
tetramethyl ammonium hydroxide (TMAH) solution at 23°C is 20 A/s 
or more. Especially preferred are the resins with dissolution rate of 
200 A/s or more. Alkali-soluble resins of the present invention may 
be used singly or as a mixture with other alkali-soluble resins. Up to 
100 parts by weight of the additive alkali-soluble resin may be mixed 
with 100 parts by weight of the alkali-soluble resins of the present 
invention. Examples of the additive alkali-soluble resins that can be 
used together are listed below. 

[0066] 

Such resins include, but are not limited to, novolac resin, 
hydrogenated novolac resin, acetone-pyrogallol resin, styrene-maleic 
acid anhydride copolymer, carboxy-containing methacryl resins and 
their derivatives. The amount of the resin (B) to all solid parts of the 
composition is from 30 to 95 percent by weight, preferably from 40 to 
90 percent by weight, and more preferably from 50 to 80 percent by 
weight. 



[0067] 

(2) Chemical compound (A) of the present invention that generates at 
least one of an acid and a radical upon irradiation of an electron beam 
or an x-ray 

The component (A) used for the present invention can be any 
compound that generates at least one of an acid and a radical upon 
irradiation of an electron beam or an x-ray. Here, a compound that 
generates at least one of an acid and a radical represents one of an 
acid-generating compound, a radical-generating compound, and a 
compound that generates both an acid and a radical. 

[0068] 

Such compounds that generate at least one of an acid and a 
radical upon irradiation of an electron beam or an x-ray may be 
suitably selected from the group consisting of a photoinitiator for 
photoinitiated cationic polymerization, a photoinitiator for 
photoinitiated radical polymerization, a photoinitiated decolorization 
agent, a photoinitiated discolorization agent, any known compound 
used for microresists and the like that generates an acid upon 
photoinitiation, and a mixture of two or more of these compounds. 

[0069] 

In addition, polymers that incorporate these compounds or 
radicals that generate at least one of an acid and a radical upon 



irradiation of an electron beam or an x-ray as their principal chain or 
side chains, such as those disclosed in JP-A No. 63-26653, JP-A No. 
55-164824, JP-A No. 62-69263, JP-A No.63-146038, JP-A No.63-163452, 
JP-A No.62-153853, and JP-A No.63-146029, may also be used. 
Furthermore, chemical compounds that generate an acid upon 
irradiation as disclosed in, for example, U.S. Patent No. 3,779,778 and 
EP Patent No. 126,712 may also be employed. 

[0070] 

Additionally, known compounds of onium salts including 
diazonium salts, phosphonium salts, iodonium salts, sufonium salts, 
and selenonium salts, organic halides, o-nitrobenzyl sulfonate 
derivatives, N-iminosulfonate derivatives, N-imidosulfonate 
derivatives, diazo sulfone compounds, diazo disulfone compounds, 
disulf one compounds, and the like can be used. 

[0071] 

Preferred compounds are sufonates of sulfonium, iodonium, or 
N-hydroxyimide and disulfonyl diazo methanes. Especially 
preferred among these compounds are N-imidosulfonates as disclosed 
in JP-A No. 10-7653, JP-A No. 11-2901, and other publications, diazo 
disulfone compounds as disclosed in JP-A No. 04-210960, EP Patent 
No. 417557, and others, and sulfonium salts and iodonium salts having 
the general formulae (I) - (III) as shown below. The most preferred 
are the sulfonium salts and iodonium salts having the general 



formulae (I) - (III) as shown below. 



[0072] 

[Formula 17] 




[0073] 

In the general formulae (I) - (III), Ri - R37 independently 
represent hydrogen, alkyl, alkoxy, hydroxy, halogen atom, or a group 
represented by -S-R38. Alkyl groups of Ri - R37 may be straight chain, 
branched, or cyclic. Straight chain or branched alkyl groups include, 
for example, alkyl groups having 1 to 4 carbon atoms such as methyl, 
ethyl, propyl, n-butyl, sec-butyl, t-butyl, and the like. Cyclic alkyl 
groups include, for example, cyclic alkyl groups having 3 to 8 carbon 
atoms such as cyclopropyl, cyclopentyl, cyclohexyl, and the like. 

[0074] 

Alkoxy groups of Ri - R37 may be straight chain, branched, or 
cyclic. Straight chain or branched alkoxy groups include, for example, 
alkoxy groups having 1 to 8 carbon atoms such as methoxy, ethoxy, 
hydroxyethoxy, propoxy, n-butoxy, isobutoxy, sec-butoxy, t-butoxy, 
octyloxy, and the like. Cyclic alkoxy groups include, for example, 
cyclopentyloxy and cyclohexyloxy. 

[0075] 

Halogen atoms of Ri to R37 may be fluorine, chlorine, bromine, 
or iodine. R38 in -S- R38 of Ri to R37 is an alkyl or an aryl. Alkyl 
groups represented by R38 include, for example, any of the alkyl 
groups described above as alkyl groups represented by Ri to R37. 
Aryl groups represented by R38 include, for example, aryl groups 
having 6 to 14 carbon atoms such as phenyl, tolyl, methoxyphenyl, 



naphthyl> and the like. 
[0076] 

Alkyl and alkoxy groups of Ri to R37 and alkyl and aryl groups 
of R38 may be unsubstituted or substituted with one or more 
substituent groups so that they contain a larger number of carbon 
atoms. Such substituent groups are, preferably, alkoxy having 1 to 4 
carbon atoms, aryl having 6 to 10 carbon atoms, and alkenyl having 2 
to 6 carbon atoms. Other possible substituents include cyano, 
hydroxyl, carboxy, alkoxycarbonyl, nitro, and the like. Halogen 
atoms, such as fluorine, chlorine, bromine, and iodine, can also be a 
substituent. 

[0077] 

Two or more of the groups represented by Ri to R15 in the 
general formula (I) may be joined to form a ring. The ring may be 
formed by a first group represented by Ri to R15 attacriing directly to a 
second group represented by Ri to R 15 . Alternatively, the first group 
may attach indirectly to the second group via one or more elements 
selected from the group consisting of carbon, oxygen, sulfur, and 
nitrogen to form the ring. Rings that can be formed by two or more 
groups of Ri to R15 attaching together have the same ring structures of 
those in furan, dihydrofuran, pyran, trihydropyran, thiophene, pyrrole, 
and the like. The same can be said for groups Ri6 to R27 of the general 
formula (H). Two or more of the groups may directly or indirectly 



join to form a ring. The same can also be said for groups R28 to R37 of 
the general formula (III). 

[0078] 

The general formulae (I) to (III) have X\ The X- of the general 
formulae (I) to (III) is an acid anion. An acid from which the anion is 
formed is selected from the group consisting of benzene sulfonic acid, 
naphthalene sulfonic acid,, and anthracene sulfonic acid. The acids 
have at least one fluorine atom substituent. The acids contain at least 
one organic substituent substituting the fluorine atom or other 
available position wherein the organic group is selected from the 
group consisting of alkyl, alkoxy, acyl, acyloxy, sulfonyl, sulfonyloxy, 
sulfonylamino, aryl, aralkyl, and alkoxycarbonyl, each of the organic 
group additionally having at least one fluorine atom substituent. 
Furthermore, benzene sulfonic acid, naphthalene sulfonic acid, and 
anthracene sulfonic acid as described above may have substituents 
other than fluorine such as halogen atoms, hydroxyl, and nitro. 

[0079] 

The alkyl groups that attach to the acids such as benzene 
sulfonic acid from which the X" anion is formed contain, for example, 1 
to 12 carbon atoms. The alkyl groups may be straight chain, 
branched, or cyclic having at least one and preferably 25 or less 
fluorine atom substituents. Specific examples include trifluoro 
methyl, pentafluoro ethyl, 2,2,2-trifluoroethyl, heptafluoro propyl, 



heptafluoro isopropyl, perfluoro butyl, perfluoro octyl, perfluoro 
dodecyl, and perfluoro cyclohexyl. Among these, perfluoro alkyl 
groups having 1 to 4 carbon atoms and all substituted with fluorine 
are preferred. 

[0080] 

The alkoxy groups that singly or in combination with an alkyl 
group attach to the acids such as benzene sulfonic acid have 1 to 12 
carbon atoms. The alkoxy groups may be straight chain, branched, or 
cyclic having at least one and preferably 25 or less fluorine atom 
substituents. Specific examples include trifluoro methoxy, 
pentafluoro ethoxy, heptafluoro isopropyloxy, perfluoro butoxy, 
perfluoro octyloxy, perfluoro dodecyloxy, and perfluoro 
cyclohexyloxy. Among these, perfluoro alkoxy groups having 1 to 4 
carbon atoms and all substituted with fluorine are preferred. 

[0081] 

The acyl groups that singly or in combination with an alkyl 
group attach to the acids such as benzene sulfonic acid preferably have 
2 to 12 carbon atoms and is substituted with 1 to 23 fluorine atoms. 
Specific examples include trifluoro acetyl, fluoro acetyl, pentafluoro 
propionyl, and pentafluoro benzoyl. 

[0082] 

The acyloxy groups that singly or in combination with an alkyl 



group attach to the acids such as benzene sulfonic acid preferably have 
2 to 12 carbon atoms and is substituted with 1 to 23 fluorine atoms. 
Specific examples include trifluoro acetoxy, fluoro acetoxy, 
pentafluoro propionyloxy, and pentafluoro benzoyloxy. The sulfonyl 
groups that singly or in combination with an alkyl group attach to the 
acids such as benzene sulfonic acid preferably have 1 to 12 carbon 
atoms and is substituted with 1 to 25 fluorine atoms. Specific 
examples include trifluoro methane sulfonyl, pentafluoro ethane 
sulfonyl, perfluoro butane sulfonyl, perfluoro octane sulfonyl, 
pentafluoro benzene sulfonyl, and 4-trifluoro methylbenzene sulfonyl. 

[0083] 

The sulfonyloxy groups that singly or in combination with an 
alkyl group attach to the acids such as benzene sulfonic acid 
preferably have 1 to 12 carbon atoms and is substituted with 1 to 25 
fluorine atoms. Specific examples include trifluoro methane 
sulfonyloxy, perfluoro butane sulfonyloxy, 4-trifluoro methylbenzene 
sulfonyloxy. The sulfonylamino groups that singly or in combination 
with an alkyl group attach to the acids such as benzene sulfonic acid 
preferably have 1 to 12 carbon atoms and is substituted with 1 to 25 
fluorine atoms. Specific examples include trifluoro methane 
sulfonylamino, perfluoro butane sulfonylamino, perfluoro octane 
sulfonylamino, pentafluoro benzene sulfonylamino. 



[0084] 



The aryl groups that singly or in combination with an alkyl 
group attach to the acids such as benzene sulfonic acid preferably have 
6 to 14 carbon atoms and is substituted with 1 to 9 fluorine atoms. 
Specific examples include perfluoro phenyl, 4-trifluoro methylphenyl, 
heptafluoro naphthyl, nonafluoro anthranyl, 4-fluoro phenyl, and 
2,4-difluoro phenyl. The aralkyl groups that singly or in combination 
with an alkyl group attach to the acids such as benzene sulfonic acid 
preferably have 7 to 10 carbon atoms and is substituted with 1 to 15 
fluorine atoms. Specific examples include pentafluoro phenyl methyl, 
pentafluoro phenyl ethyl, perfluoro benzyl, perfluoro phenethyl. The 
alkoxycarbonyl groups that singly or in combination with an alkyl 
group attach to the acids such as benzene sulfonic acid preferably have 
2 to 13 carbon atoms and is substituted with 1 to 25 fluorine atoms. 
Specific examples include trifluoro methoxy carbonyl, pentafluoro 
ethoxy carbonyl, pentafluoro phenoxy carbonyl, perfluoro butoxy 
carbonyl, and perfluoro octyloxy carbonyl. 

[0085] 

The most preferred X - anions among these anions are 
fluorine-substituted benzene sulfonic acid anions, among which 
pentafluoro benzene sulfonic acid anion is especially preferable. In 
addition, fluorine-substituted benzene sulfonic acid, 
fluorine-substituted naphthalene sulfonic acid, and 
fluorine-substituted anthracene sulfonic acid as described above may 
further be substituted with straight chain, branched, or cyclic alkoxy, 



acyl, acyloxy, sulfonyl, sulfonyloxy, sulfonylamino, aryl, aralkyl, 
alkoxycarbonyl (each having the same number of carbon atoms as its 
corresponding group described above), halogen (excluding fluorine), 
hydroxy, or nitro. Specific examples shown below illustrate, but not 
limit, the compounds represented by the general formulae (I) to (III). 

[0086] 

[Formula 18] 
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[Formula 19] 
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[Formula 20] 
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[Formula 21] 
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[0090] 

[Formula 22] 
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[Formula 23] 
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[0092] 

Compounds of the general formulae (I) and (II) can be 
synthesized by several methods. In one example, an aryl Grignard 
reagent such as aryl magnesium bromide is mixed with phenyl 
sulfoxide to form triaryl sulfonium halide. The product is then 
blended with a corresponding sulfonic acid to obtain the final product 
by ion exchange. In another example, phenylsulfoxide and a 
corresponding aromatic compound are combined with an acid catalyst 
such as methane sulfonic acid/ phosphorus pentoxide or aluminum 
chloride to form the desired compound through condensation and ion 
exchange reactions. The compounds of the general formulae (I) and 
(II) can also be synthesized by condensation and ion exchange of 
diaryl iodonium salt and diaryl sulfide using a catalyst such as copper 
acetate as well as by other methods. In any of the above methods, 
phenyl sulfoxide may be unsubstituted or substituted with one or 
more benzene rings. Compounds of the general formula (III) can be 
synthesized from aromatic compounds using a periodate. 

[0093] 

The amount of component (A) of the present invention is 0.1 to 
20 percent by weight of the whole solid component of the negative 
resist composition, preferably 0.5 to 10 percent by weight, more 
preferably 1 to 7 percent by weight. 



[0094] 



Other compounds, the ones that do not satisfy the general 
formulae (I) to (III), but generate at least one of an acid and a radical 
by exposure to radiation may be used for the present invention either 
singly or in combination with the compounds of the general formulae 
(I) to (HE). When using such compounds that generate at least one of 
an acid and a radical by exposure to radiation with the compounds of 
the general formulae (I) to (III), the molar ratio of the compounds that 
generate at least one of an acid and a radical by exposure to radiation 
to the other is 100:0 to 20:80, preferably 90:10 to 40:60, more preferably 
80:20 to 50:50. 

[0095] 

(3) Acid-induced cross-linking agent (C) of the present invention 

For the present invention, a chemical compound that is induced 
by an acid to form cross-links (hereafter acid-induced cross-linking 
agent or cross-linking agent) is used in combination with an 
alkali-soluble resin and an acid and/ or radical generator. 
Acid-induced agents of known kinds may be effectively employed. 
Preferred acid-induced cross-linking agents are a compound or a resin 
having two or more substituents selected from the group consisting of 
hydroxymethyl, alkoxymethyl, acyloxymethyl, and alkoxymethyloxy 
(alkoxymethyl ether group), or an epoxy compound. 

[0096] 

Further preferred are alkoxymethylated or acyloxymethylated 



melamine compounds or resins, alkoxymethylated or 
acyloxymethylated urea compounds or resins, hydroxymethylated or 
alkoxymethylated phenol compounds or resins, and 
alkoxymethyletherified phenol compounds or resins. 

[0097] 

Specifically, phenol derivatives may be used as cross^inking 
agents. Preferred phenol derivatives have a molecular weight of 
1,200 or less, 3 to 5 benzene rings within the molecule, and two or 
more groups of hydroxymethyl or alkoxymethyl wherein the 
substituent groups may be localized at one of the benzene rings or 
spread on more than one ring. Using such phenol derivatives, the 
effect of the present invention can be further prominent. Preferable 
alkoxymethyl groups attaching to the benzene rings have 6 or less 
carbon atoms, specifically methoxymethyl, ethoxymethyl, 
n-propoxymethyl, i-propoxymethyl, n-butoxymethyl, i-butoxymethyl, 
sec-butoxymethyl, and t-butoxymethyl. In addition, alkoxy groups 
substituted with an alkoxy group such as 2-methoxyethoxy and 
2-methoxy-l-propyl are also preferred. Examples below are some of 
these phenol derivatives that are particularly preferred. 



[0098] 

[Formula 24] 
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[0099] 

[Formula 25] 




[0100] 

[Formula 26 j 
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[Formula 2> _, 




[0102] 

[Formula 28] 




[0103] 

(In the above formulae, L 1 to L 8 may be the same or different, 
representing hydroxymethyl, methoxymethyl, or ethoxymethyl.) 
Phenol derivatives containing hydroxymethyl groups can be prepared 
by reacting a corresponding phenol compound that does not contain 
any hydroxymethyl group (compounds illustrated above wherein L 1 - 
L 8 are all hydrogen atoms) with formaldehyde and a base catalyst. 
During the reaction, it is preferred to keep the reaction temperature at 
60°C or below in order to avoid formation of resin or gel. Specifically, 
the phenol derivatives can be synthesized using the methods disclosed 
in JP-A No. 06-282067, JP-A No. 07-64285, and other publications. 

[0104] 

Phenol derivatives containing alkoxymethyl groups can be 
prepared by reacting corresponding phenol derivatives having 
hydroxymethyl groups with an alcohol under the presence of an acid 
catalyst. During the reaction, it is preferred to keep the reaction 
temperature at 100° C or lower in order to avoid formation of resin or 
gel. Specifically, the phenol derivatives can be synthesized using the 
methods disclosed in EP Patent No. 632003A1 and other publications. 
The phenol derivatives having hydroxymethyl or alkoxymethyl 
groups prepared by methods described above are preferable with 
respect to their stability during preservation, and phenol derivatives 
having alkoxymethyl are particularly preferred. These phenol 
derivatives that have two or more groups of hydroxymethyl or 



alkoxymethyl wherein the substituent groups may be localized at one 
of the benzene rings or spread on more than one ring may be used 
singly or as a mixture of two or more of the same. 

[0105] 

Other than the phenol derivatives described above, the 
following compounds (i) and (ii) may be used as cross-linking agents: 

(i) Compounds having N-hydroxymethyl, N-alkoxymethyl, or 
N-acyloxymethyl, and 

(ii) Epoxy compounds. 

[0106] 

The amount of a cross-linking agent added to a resist 
composition is 3 to 65 percent by weight of the whole solid component 
of the resist composition, preferably 5 to 50 percent by weight. If the 
amount is less than 3 percent by weight, resist thickness remaining 
(the relative thickness of resist film after exposure compared to 
pre-exposure thickness) will decrease, and if it is over 65 percent by 
weight, the resolution of the resist will decline. Therefore, with 
respect to additional concern of instability of the resist solution, 
excessive or insufficient amount of the cross-linking agent is not 
preferred. 



[0107] 

In addition to the phenol derivatives described above, other 



cross-linking agents such as (i) and (ii) as described previously may be 
used together for the present invention. The molar ratio at which 
other additional cross-linking agent to the phenol derivatives is 100:0 
to 20:80, preferably 90:10 to 40:60, more preferably 80:20 to 50:50. 

[0108] 

These cross-linking agents are described in detail in the 
following sections. 

(i) The compounds having N-hydroxymethyl, N-alkoxymethyl, or 
N-acyloxymethyl include monomer and oligomers of 
melamine-formaldehyde condensate and urea-formaldehyde 
condensate as disclosed in European Patent Application Laid-Open 
(EP-A) No. 0,133,216, German Patent (DE) No. 3,634,671, and DE No. 
3,711,264, and alkoxy-substituted compounds and 
benzoguanamine-formaldeyde condensate as disclosed in EP-A No. 
0,212,482. Further preferred are, for example, 

melamine-formaldehyde derivatives having two or more free 
N-hydroxymethyl, N-alkoxymethyl, or N-acyloxymethyl, and 
particularly preferred are N-alkoxymethyl derivatives. 

[0109] 

(ii) Epoxy compounds include monomer, dimer, oligomer, and 
polymer compounds having one or more epoxy group, for example, 
reaction products of bisphenol A and epichlorohydrin and reaction 
products of low-molecular weight resin of phenol-formaldehyde and 



epichlorohydrin. Epoxy resins described and used in U.S. Patent No. 
4,026,705 and U.K. Patent No. 1,539,192 publications are also included. 

[0110] 

(4) Fluorosurfactants and/ or silicone surfactants (D) of the present 
invention 

A negative photoresist composition of the present invention 
comprises at least one of a fluorosurfactant and a silicone surfactant. 
A negative photoresist composition of the present invention may 
comprise a fluorosurfactant, a silicone surfactant, a surfactant having 
both fluorine and silicon atoms, or two or more of such surfactants. 
The addition of these fluorosurfactants and/ or silicone surfactants has 
positive effects on inhibiting development defects and improving 
coatability. 

[0111] 

Such surfactants include, for example, the ones disclosed in 
JP-A No. 62-36663, JP-A No. 61-226746, JP-A No. 61-226745, JP-A No. 
62-170950, JP-A No. 63-34540, JP-A No. 07-230165, JP-A No. 08-62834, 
JP-A No. 09-54432, JP-A No. 09-5988, U.S. Patent No. 5405720, U.S. 
Patent No. 5360692, U.S. Patent No. 5529881, U.S. Patent No. 5296330, 
U.S. Patent No. 5436098, U.S. Patent No. 5576143, U.S. Patent No. 
5296143, U.S. Patent No. 5294511, and U.S. Patent No. 5824451. 
Commercially available surfactants may also be used, for example, 
fluorosurfactants and silicon surfactancts such as EFTOP EF301 and 



EF303 by Shin Akita Kasei KK, Fluorad FC430 and FC 431 by 
Sumitomo 3M Limited, Megaface F171, F173, F176, F189, and R08 by 
Dainippon Ink and Chemicals Incorporated, and Surflon S-382, SC 101, 
SC102, SC103, SC104, SC105, and SC106 by Asahi Glass Co., Ltd. In 
addition, polysiloxane polymer KP-341 by Shin-Etsu Chemical Co., 
Ltd. can also be used as a silicone surfactant. 

[0112] 

The total amount of surfactants to the whole solid component of a 

composition of the present invention is typically 0.001 to 2 percent by 

weight, preferably 0.01 to 1 percent by weight. The surfactants may 

be added singly or as a combination of several surfactants. 

(5) Compounds having at least one unsaturated bond that can be 

polymerized by at least one of an acid and a radical (E) of the present 

invention 

Any known monomer having at least one polymerizable group 
may be employed as the compound having at least one unsaturated 
bonds that can be polymerized by at least one of an acid and a radical 
generated by a compound (A) of the present invention without certain 
limitation. Such monomers specifically include, for example, 
monofunctional acrylates (such as 2-ethylhexyl acrylate, 
2-hydroxyethyl acrylate, and 2-hydroxypropyl acrylate), their 
derivatives, and corresponding methacrylates, itaconates, crotonates, 
maleates, and their derivatives. 



[0113] 

Also included are difunctional acrylates (such as polyethylene 
glycol diacrylate, pentaerythritol diacrylate, bisphenol A diacrylate, 
and diacrylates of epsilon-caprolactone adduct of hydroxypivalic 
neopentyl glycol), their derivatives, and corresponding methacrylates, 
itaconates, crotonates, maleates, and their derivatives. 

[0114] 

Additionally included are polyfunctional acrylates (such as 
trimethylol propane tri(meth) aery late, dipentaerythritol pentaacrylate, 
dipentaerythritol hexaacrylate, and pyrogallol triacrylate), their 
derivatives, and corresponding methacrylates, itaconates, crotonates, 
maleates, and their derivatives. Furthermore, so-called prepolymers, 
which is prepared by introducing acrylic acid or methacrylic acid to an 
oligomer of suitable molecular weight to add photopolymerization 
capability, may also be used. 

[0115] 

Still more compounds as disclosed in JP-A No. 58-212994, JP-A 
No. 61-6649, JP-A No. 62-46688, JP-A No. 62-48589, JP-A No. 62-173295, 
JP-A No. 62-187092, JP-A No.63-67189, and JP-A No.01-244891, and 
other compounds illustrated in pp. 286 - 294 of " 11290 no Kagaku 
Shohin" The Chemical Daily Co., Ltd. (Japan) and pp. 11 -65 of 
"UV/EB-koka Handbook (Genryo-hen)" Kobunshi Kankokai (Japan) 
may also be used suitably. 



[0116] 

Preferred compounds have two or more acryl or methacryl 
group, more preferably have molecular weight of 10,000 or less, still 
more preferably 5,000 or less. For the present invention, a 
polymerizable compound can be selected as required from monomers 
and prepolymers having one or more polymerizable groups, including 
those described above. Two or more polymerizable compounds may 
be used in combination provided that they present no miscibility or 
chemical affinity issues. The amount of compounds having one or 
more unsaturated groups is 2 to 50 percent by weight of the whole 
solid component of a resist'composition, preferably 5 to 40 percent by 
weight, more preferably 10 to 30 percent by weight. 

[0117] 

(6) Organic bases (F) of the present invention 

Preferred organic bases that can be used for the present 
invention are those that have higher basicity than phenol. 
Nitrogen-containing organic bases are especially preferred. 
Compounds containing structures of the following formulae (A) to (E) 
have preferred chemical environments. 



[0118] 

[Formula 29] 
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[0119] 

In the above formulae, R 250 , R 251 , and R 252 may be the same or 
different representing hydrogen, alkyl having 1 to 6 carbon atoms, 
aminoalkyl having 1 to 6 carbon atoms, hydroxyalkyl having 1 to 6 
carbon atoms, or substituted or unsubstituted aryl having 6 to 20 
carbon atoms wherein R 251 and R 252 may join to form a ring. In 
addition, R 253 , R 254 , R 255 , and R 256 may be the same or different 
representing alkyl having 1 to 6 carbon atoms. More preferred 
compounds are nitrogen-containing organic bases having two or more 
nitrogen atom of different chemical environment within a single 
molecule, and particularly preferred are compounds having both 
nitrogen-containing ring and substituted or unsubstituted amino 
group and compounds having alkylamino group. 

[0120] 

Specifically preferred examples include substituted or 
unsubstituted guanidine, substituted or unsubstituted amino pyridine, 
substituted or unsubstituted aminoalkyl pyridine, substituted or 
unsubstituted amino pyrrolidine, substituted or unsubstituted 
indazole, imidazole, substituted or unsubstituted pyrazole, substituted 
or unsubstituted pyrazine, substituted or unsubstituted pyrimidine, 
substituted or unsubstituted purine, substituted or unsubstituted 
imidazoline, substituted or unsubstituted pyrazoline, substituted or 
unsubstituted piperazine, substituted or unsubstituted amino 
morpholine, and substituted or unsubstituted aminoalkyl morpholine. 



Preferred substituents are amino, aminoalkyl, alkylamino, aminoaryl, 
arylamino, alkyl, alkoxy, acyl, acyloxy, aryl, aryloxy, nitro, hydroxy, 
and cyano. 

[0121] 

Particularly preferred compounds are guanidine, 1,1-dimethyl 
guanidine, 1,1,3,3-tetramethyl guanidine, imidazole, 2-methyl 
imidazole, 4-methyl imidazole, N-methyl imidazole, 2-phenyl 
imidazole, 4,5-diphenyl imidazole, 2,4,5-triphenyl imidazole, 
2-aminopyridine, 3-aminopyridine, 4-aminopyridine, 2-dimethyl 
amino pyridine, 4-dimethyl amino pyridine, 2-diethyl amino pyridine, 
2-(aminomethyl) pyridine, 2-amino~3-methyl pyridine, 
2-amino-4-methyl pyridine, 2-airrino-5-methyl pyridine, 
2-amino-6-methyl pyridine, 3-aminoethyl pyridine, and 4-aminoethyl 
pyridine. 

[0122] 

Other particularly preferred compounds include, but not 
limited to, 3-amino pyrrolidine, piperazine, N-(2-airrinoethyl) 
piperazine, N-(2-aminoethyl) piperidine, 4-amino-2,2,6,6-tetramethyl 
piperidine, 4-piperidinopiperidine, 2-imino piperidine, 

1- (2-aminoethyl) pyrrolidine, pyrazole, 3-amino-5-methyl pyrazole, 
5-amino-3-methyl-l-p-tolyl pyrazole, pyrazine, 

2- (aminomethyl)-5-methyl pyrazine, pyrimidine, 2,4-diamino 
pyrimidine, 4,6-dihydroxy pyrimidine, 2- pyrazoline, 3- pyrazoline, 



N-amino morpholine, and N-(2-aminoethyl) morpholine. These 
nitrogen^ontaining organic bases are used singly or as a mixture of 
two or more of the same. 

[0123] 

The preferred molar ratio of an acid generator to an organic 
base used in a resin composition is 2.5 to 300. If the ratio is less than 
2.5, sensitivity and resolution may decrease, and if the ratio is more 
than 300, resist patterns may thicken during the time between 
exposure and baking resulting in a lower resolution. The molar ratio 
of an acid generator to an organic base is preferably 5.0 to 200, more 
preferably 7.0 to 150. 

[0124] 

(7) Other components that may be used for the present invention 

Negative resist compositions of the present invention may 
additionally include dyes, radical generators, solvents, surfactants 
other than fluorosurfactants and silicone surfactants described above, 
and other components as desired. 

[0125] (7)-l Dyes 

Preferred dyes are oil dyes and base dyes, specifically, Oil 
Yellow #101, Oil Yellow #103, Oil Pink #312, Oil Green BG, Oil Blue 
BOS, Oil Blue #603, Oil Black BY, Oil Black BS, and Oil Black T-505 by 
Orient Chemical Industries Ltd., Crystal Violet (CI 42555), Methyl 



Violet (CI 42535), Rhodamine B (CI 45170B), Malachite Green (CI 
42000), Methylene Blue (CI 52015), and the like. 

[0126] (7)-2 Radical Generators 

Negative resist compositions of the present invention can 
additionally incorporate radical generators as desired in order to 
enhance the reaction of a polymerizable compound (F). In general, 
known radical polymerization initiators that are employed in radical 
polymerization of macromolecule synthesis reaction may be used 
without any particular limitation for such radical generators. 
Examples include azobis nitrile compounds such as 2,2'-azobis 
isobutylonitrile and 2,2'-azobis propionitrile, and organic peroxides 
such as benzoyl peroxide, lauroyl peroxide, acetyl peroxide, t-butyl 
perbenzoate, alpha-cumyl hydroperoxide, di-t-butyl peroxide, 
diisopropyl peroxy dicarbonate, t-butyl peroxy isopropyl carbonate, 
peracids, alkylperoxy carbamates, and nitrosoarylacyl amines. 

[0127] 

Further examples include inorganic peroxides such as 
potassium persulfate, ammonium persulfate, and potassium 
perchlorate, azo and diazo compounds such as diazo amino benzene, 
p-nitro benzene diazonium, azobis-substituted alkanes, diazothio 
ethers, and arylazo sulfones, nitroso phenyl urea, tetraalkyl thiuram 
disulfides such as tetramethyl thiuram disulfide, diaryl disulfides such 
as dibenzoyl disulfide, dialkyl xanthogen disulfide, aryl sulfinic acids, 



arylalkyl sulfones, and 1-alkane sulfinic acids. 
[0128] 

The activation energy of a radical generator to generate a 
radical is preferably 30 Kcal/mole or more, such as azobis nitrile 
compounds and organic peroxides. Among such compounds, ones 
that are highly stable at room temperature, decompose quickly when 
heated, and are colorless when decomposed are preferred, such as 
benzoyl peroxide and 2,2'-azobis isobutylonitrile. These radical 
generators may be used singly or as a mixture of two or more of the 
same. The amount of radical generators is 0.5 to 30 percent by weight 
of the total solid component that undergo radical polymerization, 
preferably 2 to 10 percent by weight. 

[0129] (7)-3 Solvents 

A composition of the present invention is dissolved in a solvent 
that dissolves each component described above, and then applied over 
a substrate. Preferred solvents include ethylene dichloride, 
cyclohexanone, cyclopentanone, 2-heptanone, gamma-butyrolactone, 
methylethyl ketone, ethylene glycol monomethyl ether, ethylene 
glycol monoethyl ether, 2-methoxy ethyl acetate, ethylene glycol 
monoethyl ether acetate, propylene glycol monomethyl ether, 
propylene glycol monoethyl ether, propylene glycol monomethyl 
ether acetate, toluene, ethyl acetate, methyl lactate, ethyl lactate, 
methoxy methyl propionate, ethoxy ethyl propionate, methyl pyruvate, 



ethyl pyruvate, propyl pyruvate, N,N-dimethyl formamide, dimethyl 
sulfoxide, N-methyl pyrrolidone, and tetrahydro furan. These 
solvents may be used singly or as a mixture of two or more of the 
same. 

[0130] (7)-4 Surfactants 

Surfactants may be added to the solvents described above. 
Examples include polyoxyethylene alkyl ethers such as 
polyoxyethylene lauryl ether, polyoxyethylene stearyl ether, 
polyoxyethylene cetyl ether, and polyoxyethylene oleyl ether, 
polyoxyethylene alkylaryl ethers such as polyoxyethylene octylphenol 
ether and polyoxyethylene nonylphenol ether, 

polyoxyethylene-polyoxypropylene block copolymers, sorbitan fatty 
acid esters such as sorbitan monolaurate, sorbitan monopalmitate, 
sorbitan monostearate, sorbitan monooleate, sorbitan trioleate, and 
sorbitan tristearate. 

[0131] 

Other examples include polyoxyethylene sorbitan fatty acid 
esters such as polyoxyethylene sorbitan monolaurate, polyoxyethylene 
sorbitan monopalmitate, polyoxyethylene sorbitan monostearate, 
polyoxyethylene sorbitan trioleate, and polyoxyethylene sorbitan 
tristearate. All of these are nonionic surfactants. Acrylate and 
methacrylate (co)polymers, PolyFlow No. 75 and No. 95 by Kyoeisha 
Chemical Co., Ltd., are also examples of surfactants. The amount of 



these surfactants to a 100 parts by weight of solid component of a 
composition of the present invention is typically 2 parts or less by 
weight, preferably 1 part or less by weight. These surfactants may be 
added singly or as a combination of several surfactants. 

[0132] 

In a process such as fabrication of precision integrated circuit 
devices, a method for forming patterns over a resist film comprises the 
following steps. A negative photoresist composition of the present 
invention is applied over a substrate (examples: silicon/ silicon dioxide 
coating and transparent substrates such as glass and ITO) and then 
exposed using an electron beam (at acceleration voltage of 75 keV or 
higher) or x-ray imaging device. The resist is then baked, developed, 
rinsed, and dried to obtain a resist pattern. 

[0133] 

Aqueous solutions of various alkalis may be used as a 
developer solution for a negative photoresist composition of the 
present invention. Such alkalis include inorganic alkalis such as 
sodium hydroxide, potassium hydroxide, sodium carbonate, sodium 
silicate, sodium metasilicate, and aqueous ammonia, primary amines 
such as ethylamine and n-propylamine, secondary amines such as 
diethylamine and di-n-butylamine, tertiary amines such as 
triethylamine and methyldiethyl amine, aminoalcohols such as 
dimethylethanol amine and Methanol amine, quaternary ammonium 



salts such as tetramethyl ammonium hydroxide, tetraethyl ammonium 
hydroxide, and choline, and cyclic amines such as pyrrole and 
piperidine. Additionally, a certain amount of alcohols such as 
isopropyl alcohol and surfactants such as nonionic surfactants may be 
added to the alkaline aqueous solutions. Preferred developer 
solutions use quaternary ammonium salts, more preferably 
tetramethyl ammonium hydroxide or choline. 

[0134] 
[Examples] 

Following examples describe the present invention in further detail. 
However, these examples do not limit any aspect of the present 
invention. 

[0135] 

1. Synthesis of photoresist components 

(1) Alkali-soluble resins having polymerizable unsaturated groups 
Synthesis Example 1 (Synthesis of resin (2)) 

To a solution of poly (4-hydroxystyrene) (12.1 g, 0.10 mol, obtained 
from Nippon Soda Co., Ltd. under product name VP-15000) in THF 
(100 ml) was added methacrylic anhydride (3.7 g, 0.024 mol). 
Pyridine (2.4 g, 0.030 mol) was then added, and the solution was 
heated and stirred for 5 hours under reflux. The solution was then 
cooled at room temperature and added to deionized water (1 L) under 
intensive stirring to allow white resin precipitate to form. The resin 



precipitate was washed with deionized water and dried at reduced 
pressure to provide 13.1 g of the resin (2) of the present invention. 
The ratio of unsaturated bonds in the resin was measured using NMR. 
The amount of methacryl groups substituting hydroxy groups of the 
poly hydroxy styrene was 18 mole percent. A GPC measurement of 
the weight-average molecular weight of the resin was 16,700 
(distribution was 1.2, polystyrene standard). 

[0136] 

Synthesis Example 2 (Synthesis of resin (4)) 

To a solution of poly (4-hydroxystyrene) (12.1 g, 0.10 mol, 
obtained from Nippon Soda Co., Ltd. under product name VP-8000) in 
N,N-dimethyl acetamide (100 ml) was added 2-isocyanatoethyl 
methacrylate (3.1 g, 0.020 mol). The solution was heated and stirred 
for 7 hours at 90° C. Then the solution was cooled at room 
temperature and added to deionized water (1 L) under intensive 
stirring to allow white resin precipitate to form. The resin precipitate 
was washed with deionized water and dried at reduced pressure to 
provide 14.4 g of the resin (4) of the present invention. The ratio of 
unsaturated bonds in the resin was measured using NMR. The 
amount of methacryl groups substituting hydroxy groups of the 
polyhydroxy styrene was 16 mole percent. A GPC measurement of 
the weight-average molecular weight of the resin was 9,100 
(distribution 1.2, polystyrene standard). 



[0137] 

Synthesis Example 3 (Synthesis of resin (7)) 

To a solution of poly (4-hydroxystyrene) (12.1 g, 0.10 mol, 
obtained from Nippon Soda Co., Ltd. under product name VP-8000) in 
THF (100 ml) was added 4^styrenesulfonyl chloride (4.7 g, 0.023 mol). 
The solution was ice-cooled, and a THF solution (20 ml) of 
N,N-dimethylamino pyridine (0.37 g, 0.003 mol) and ujethyl amine 
(2.1 g, 0,020 mol) was added dropwise while stirring. The mixture 
was stirred for 5 hours at room temperature and then filtrated. The 
filtrate was added to deionized water (1 L) under intensive stirring to 
allow white resin precipitate to form. The resin precipitate was 
washed with deionized water and dried at reduced pressure to 
provide 15.0 g of the resin (7) of the present invention. The ratio of 
unsaturated bonds in the resin was measured using NMR. The 
amount of styryl groups substituting hydroxy groups of the 
polyhydroxy styrene was 18 mole percent. A GPC measurement of 
the weight-average molecular weight of the resin was 9,200 
(distribution 1.2, polystyrene standard). 

[0138] 

Synthesis Example 4 (Synthesis of resin (8)) 

To a solution of poly (4-hydroxystyrene) (12.1 g, 0.10 mol, 
obtained from Nippon Soda Co., Ltd. under product name VP-8000) in 
N,N-dimethyl acetamide (100 ml) was added chloromethyl styrene 
(3.4 g, 0.022 mol). A N,N-dimethyl acetamide solution (20 ml) of 



triethyl amine (2.3 g, 0.022 mol) was added dropwise to the solution 
while stirring at room temperature. The solution was heated and 
stirred for 5 hours at 60°C. Then the solution was cooled at room 
temperature and added to deionized water (1 L) under intensive 
stirring to allow white resin precipitate to form. The resin precipitate 
was washed with deionized water and dried at reduced pressure to 
provide 13.9 g of the resin (8) of the present invention. The ratio of 
unsaturated bonds in the resin was measured using NMR. The 
amount of styryl groups substituting hydroxy groups of the 
polyhydroxy styrene was 17 mole percent. A GPC measurement of 
the weight-average molecular weight of the resin was 9,300 
(distribution 1.2, polystyrene standard). Other compounds of resin 
(B) of the present invention were prepared using the same 
experimental procedure as described above. 

[0139] 

(2) Acid generators 

1) Synthesis of pentafluoro benzene sulfonic acid tetramethyl 
ammonium salt 

Pentafluoro benzene sulfonyl chloride (25 g) was dissolved in 
ice-cooled methanol (100 ml). Then a 25% aqueous solution of 
tetramethyl ammonium hydroxide (100 g) was slowly added to the 
solution. The mixture was stirred for 3 hours at room temperature to 
obtain a solution of pentafluoro benzene sulfonic acid tetramethyl 
ammonium salt. The solution was used for ion exchange of 



sulfonium salts and iodonium salts. 



[0140] 

2) Synthesis of triphenyl sulfonium pentafluoro benzene sulfonate 

To a solution of diphenyl sulfoxide (50 g) in benzene (800 ml) was 
added aluminum chloride (200 g). The solution was refluxed for 24 
hours. The resulting solution was slowly poured onto ice (2 L), 
added with concentrated hydrochloric acid (400 ml), and heated for 10 
minutes at 70° C. The aqueous solution was washed with ethyl 
acetate (500 ml) and filtrated, after which an aqueous solution (400 ml) 
of ammonium iodide (200 g) was added. Precipitated powder was 
filtered, washed with water and then with ethyl acetate, and dried to 
provide 70g of triphenyl sulfonium iodide. Triphenylsulfonium 
iodide (30.5 g) was dissolved in methanol (1000 ml). The solution 
was added with silver oxide (19.1 g) and stirred for 4 hours at room 
temperature. Then the solution was filtrated and an excessive 
amount of solution of pentafluoro benzene sulfonic acid tetramethyl 
ammonium salt was added. The resulting mixture was concentrated 
and dissolved in dichloromethane (500 ml). The solution was then 
washed with 5% aqueous solution of tetramethyl ammonium 
hydroxide, and with water. An organic phase was dried using 
anhydrous sodium sulfate, and then concentrated to obtain triphenyl 
sulfonium pentafluoro benzene sulfonate (1-1). 



[0141] 



3) Synthesis of di(4-t-amylphenyl) iodonium pentafluoro benzene 
sulfonate 

A solution of t-amylbenzene (60 g), potassium iodate (39.5 g), and 
acetic anhydride (81 g) in dichloro methane (170 ml) was prepared by 
mixing. The mixture was ice-cooled, and concentrated sulfuric acid 
(66.8 g) was slowly added dropwise to the solution. The ice-cooled 
solution was stirred for 2 hours, after which it was stirred at room 
temperature for another 10 hours. Water (500 ml) was added to the 
solution while being cooled on ice and extracted using dichloro 
methane. An organic phase was washed with sodium hydrogen 
carbonate and with water, and then concentrated to obtain 
di(4-t-amylphenyl) iodonium sulfate. The sulfate was added to an 
excessive amount of solution of pentafluoro benzene sulfonic acid 
tetramethyl ammonium salt. Water (500 ml) was added to the 
solution and extracted using dichloro methane. An organic phase 
was washed with 5% tetramethyl ammonium hydroxide soution and 
with water, and then concentrated to obtain di(4-t-amylphenyl) 
iodonium pentafluoro benzene sulfonate (III-l). Other compounds 
can be prepared using the same experimental procedure as described 
above. 

[0142] 

(3) Cross-linking agents 

Synthesis of cross-linking agent [HM-1] 

To a 10% aqueous solution of potassium hydroxide, 



l-[alpha-methyl- alpha-(4-hydroxyphenyl) ethyl]-4-[alpha, 

alpha-bis(4-hydroxyphenyl) ethyl] benzene (20 g, obtained from 
Honshu Chemical Industry Co., Ltd. under product name Trisp-PA) 
was added, stirred, and dissolved. Then, while stirring the solution, 
an aqueous solution of 37% formaldehyde (formalin, 60 ml) was added 
very slowly over a period of 1 hour at room temperature. The 
solution was further stirred for 6 hours and poured into dilute sulfuric 
acid solution. Precipitate was filtered off, washed thoroughly with 
water, and recrystallized using methanol (30 ml) to obtain 20 g of 
white powder of a phenol derivative having hydroxymethyl groups 
(HM-1) satisfying the formula illustrated below. The purity of the 
product was 92 percent (by liquid chromatography). 

[0143] 

[Formula 30] 



HOCH 



[HM-1] 



CH 2 0H 




CH 2 0H 



CH 2 0H 



[0144] 

Synthesis of cross-linking agent [MM-1] 



The phenol derivative having hydroxymethyl groups obtained 
in the example described above (20 g, HM-1) was added to methanol 
(1L). The mixture was stirred and heated to dissolve the phenol 
derivative. Then, concentrated sulfuric acid (1 ml) was added to the 
solution and heated for 12 hours under reflux. After the reaction, the 
resulting solution was cooled and added with potassium carbonate (2 
g). The mixture was adequately concentrated after which ethyl 
acetate (300 ml) was added. The solution was washed with water, 
concentrated, and exsiccated to obtain 22 g of white solid of a phenol 
derivative having methoxymethyl groups (MM-1) satisfying the 
formula illustrated below. The purity of the product was 90 percent 
(by liquid chromatography). 

[0145] 

[Formula 31] 



[MM-1] 




[0146] 

Several phenol derivatives of the following formulae were 



additionally synthesized using the same procedure. 



[0147] 

[Formula 32] 



[HM-2] 




[0148] 

[Formula 33] 




CH-jOCHa CH2OCH3 



[01493 

[Formula 34] 



OH 



CHM 



CMM 



CMM 




OH 



[0150] 

2. Examples (examples and comparative examples) 
(1) Coating of resist 

Various solutions of photoresist compositions were prepared as 
shown in Table 1 using the compounds selected from synthesis 
examples described above and other compounds for comparison. 
Each sample solution was filtrated with a 0.1 um filter, and coated 
over a silicon wafer using a spin coater. The resist was then dried 
using a hotplate with a vacuum chuck at 110°C for 90 seconds to 
obtain a resist film of 0.3 urn thickness. 



[0151] 



[Table 1] 





Resin 


Acid 
generator 


Cross-linking 
agent 


solvent 


Polymerizable 
monomer 


Surfactant 


Example 1 


(2) 

(1-05 g) 


1-1 

(0.07 g) 


MM-1 
(0.18 g) 


rbMtA 
(85 R) 


none 


W 1 

(0.001 g) 


Example 2 


(4) 

(1.05 K ) 


1-8 

(0.07 g) 


MM-3 
(0.18 g) 


PGMEA 
(85 g) 


none 


wz 

(0.001 g) 


Example 3 


(7) 

(1.05 g) 


1-9 

(0.07 g) 


MM-4 
(0.18 g) 


TV^l JTT7 A 

PGMEA 
(8.5 g) 


none 


(0.001 g) 


Example 4 


(8) 

(1.05 g) 


n-i 

(0-07 g) 


MM-2 
(0.18 g) 


T~w — »Tk XT? A 

PGMEA 
(8.5 g) 


none 


Wl 

(0.001 g) 


Example 5 


(15) 
(105 g) 


n-4 

(0.07 g) 


CL-1 
(0.18 g) 


PGMEA 
(85 g) 


none 


W2 

(0.001 g) 


Example 6 


(20) 
(1.05 g) 


m-i 

(0.07 g) 


MM-1 
(0.18 g) 


PGMEA 
(8.5 g) 


none 


W2 

(0.001 g) 


Example 7 


(26) 
(1.05 g) 


m-2 

(0-07 g) 


MM-2 
(0.18 g) 


PGMEA 
(85 R) 


RM-1 
(0.12*) 


TATA 

W2 

(0.001 g) 


Example 8 


(28) 
(105 R) 


1-1 

(0.07 g) 


MM-3 
(0.18 g) 


PGMEA 
(8.5 g) 


RM-2 
(0.12 g) 


TA TO 

W3 

(0.001 r) 


Example 9 


(40) 
(105 g) 


n-i 

(0.07 g) 


CL-2 
(0.18 g) 


PGMEA 
(8.5 r) 


RM-3 
(0-12 g) 


Wl 

(0.001 g) 


Example 10 


(47) 
(1.05 g) 


m-2 

(0.07 g) 


MM-1 
(0.18 g) 


PGMEA 
(8.5 g) 


none 


Wl 

(0.001 g) 


Example 11 


(58) 
(1.05 g) 


1-9 

(0.07 g) 


CL-1 
(0.18 g) 


PGMEA 
(85 g) 


RM-1 
(012 g) 


W2 

(0.001 g) 


Example 12 


(59) 
(1.05 g) 


PAG-1 
(0.07 g) 


MM-1 
(0-18 g) 


PGMEA 
(8-5 g) 


RM-3 
(0-12 g) 


W3 

(0.001 g) 


Comparative 
Example 1 


Polymer 1 
(1.05 g) 


PAG-1 
(0.07 g) 


CL-1 
(0.28 g) 


PGMEA 
(8.5 g) 


none 


none 


Comparative 
Example 2 


Polymer 2 
(105 g) 


1-1 

(0.07 g) 


MM-1 
(0.30 r) 


PGMEA 
(8.5 g) 


none 


W4 

(0.001 g) 


Note: PGMEA = propyrene glycol monomethyl ether acetate 



[0152] 

In Table 1, the elemental composition of the resin (40) was x:y:z = 
82:13:5, and resin (47) was x:y:z = 78:15:7. For resins (58) and (59), the 
elemental composition prior to reaction was x:y:z = 65:20:15. For 
other resins, elemental compositions were x:y = 80:20 to 85:15. 
Weight-average molecular weights of all resins were in the range of 
from 8,000 to 16,000 (distributions were 1.2 to 2.4). 



[0153] 
<Resins> 

Polymer 1: poly (4-hydroxystyrene) 

(obtained from Nippon Soda Co., Ltd. under product name VP-8000) 
Polymer 2: poly (3-hydroxystyrene) 

(obtained from Maruzen Petrochemical Company Limited, Mw = 9700, 
Mw/Mn = 2.2) 

[0154] 

[Formula 35] 

<Photo-induced acid generator> 
PAG-1: Ph3S + CF3SO3- 

[0155] 

[Formula 36] 
<Cross4inking agents> 



CL-1: 



* 1 



CH 3 0CH 2 



CH,OCH, 
I 

N 



CH 2 OCH 3 



N 



\ 



CH 2 0CH 3 




N 



CH 3 0 



CH 2 CH 2 0CH 3 



CL-2: 



CH 3 0CH 2 




CH 2 0CH 3 



[0156] 

Polymerizable monomers are represented as follows: 
RM-1: tetraethylene glycol diacrylate (obtained from Nippon Kayaku 
Co., Ltd.), 

RM-2: trimethylol propane triacrylate (obtained from Nippon Kayaku 
Co., Ltd.), and 

RM-3: dipentaerythritol hexaacrylate (obtained from Nippon Kayaku 
Co., Ltd.). 



Surfactants are represented as follows: 



Wl: Megaface F176 (obtained from Dainippon Ink and Chemicals 
Incorporated, fluorosurf actant), 

W2: Megaface R08 (obtained from Dainippon Ink and Chemicals 
Incorporated, fluorosurf actant and silicone surfactant), 
W3: polysiloxane polymer KP-341 (obtained from Shin-Etsu Chemical 
Co., Ltd.), and 

W4: polyoxyethylene nonylphenyl ether. 
[0157] 

(2) Formation of resist patterns 

The resist films were exposed using an electron beam imaging 
device (acceleration voltage at 50 keV). After exposure, each resist 
was heated using the vacuum-chuck hotplate at 110° C for 60 seconds, 
then immersed in an aqueous solution of 2.38% tetramethyl 
ammonium hydroxide (TMAH) for 60 seconds, rinsed with water for 
30 seconds, and dried. Cross-sectioned profiles of the obtained 
patterns were observed using a scanning electron microscope (SCM). 
In this assessment, sensitivity was defined as the lowest possible 
energy of exposure to form resolved lines of 0.20 urn (line : space = 1:1), 
and resolution was defined as the resolution limit (the smallest feature 
size achievable wherein lines and spaces were resolved) using the 
same exposure energy. For resists that do not form 0.20 um lines 
(line : space = 1:1), resolution was defined as the resolution limit, and 
sensitivity was defined as the energy used for exposure of the resist at 
the resolution limit. 



[0158] 

Development defects and coatability were assessed in the 
following manner. 

[Number of development defects]: Development defects on each resist 
pattern prepared were counted using a KLA-2112 system from 
KLA-Tencor Japan Ltd., and the obtained primary data were used as 
the number of development defects. 

[Coatability (uniformity over resist surface)]: Each resist solution was 
coated over an 8-inch silicon wafer and treated with the same method 
as that of resist formation as described above to obtain a resist coating 
layer for the measurement of surface uniformity. Using a LamdaA 
from Dainippon Screen MFG. CO., LTD., the thickness of the coating 
was measured at 36 locations, evenly spread throughout an imaginary 
cross laid along the diameter of the wafer. For each wafer, the 
standard deviation of the measurements was multiplied by 3. If the 
product was 50 or more, the wafer was evaluated as O (good), if it was 
less than 50, the wafer was X (poor). The performance assessment is 
shown in Table 2. 



[0159] 
[Table 2] 





Sensitivity 
(nC/crn*) 


Resolution 
&im) 


Profile 


Development 
defects 


Coatability 


Example 1 


6 


0.09 


vertical 


24 


O 


Example 2 


7 


0.09 


vertical 


20 


O 


Example 3 


9 


0.08 


vertical 


32 


O 


Example 4 


5 


0.09 


vertical 


35 


O 


Example 5 


6 


0.08 


vertical 


28 


O 


Example 6 


7 


0.09 


vertical 


22 


O 


Example 7 


5 


0.10 


vertical 


30 


O 


Example 8 


10 


0.08 


vertical 


35 


O 


Example 9 


7 


0.10 


vertical 


26 


O 


Example 10 


5 


0.09 


vertical 


25 


o j 


Example 11 


11 


0.10 


vertical 


37 


O 


Example 12 


10 


0.11 


vertical 


31 


O 


Comparative 
Example 1 


26 


0.22 


slightly 
tapered 


445 


X 


Comparative 
Example 2 


20 


0.20 


slightly 
tapered 


365 


X 



[0160] 

It is understood from the results shown in Table 2 that the 
negative resist compositions of the present invention have superior 
properties in sensitivity, resolution, and profile as well as in 
development defect and coatability. 

[0161] 

Using composition of examples 1, 4, 7, 12, and comparative 
example 1, resist coatings were prepared with the same method as 
described above. The coatings were then exposed using the electron 



beam imaging device at acceleration voltage of 75keV (examples 13 - 
16 and comparative example 3). After exposure, wafers were heated, 
developed, and rinsed. The resulting patterns were observed with 
the SEM. Assessments that were conducted in the same manner as 
above are shown in Table 3. 



[0162] 
[Table 3] 





Sensitivity 
OiC/cm*) 


Resolution 
(Urn) 


Profile 


Development 
defects 


Coatability 


Example 13 


10 


0.08 


vertical 


21 


O 


Example. 14 


7 


0.08 


vertical 


32 


O 


Example 15 


8 


0.08 


vertical 


35 


O 


Example 16 


17 


0.10 


vertical 


32 


O 


Comparative 
Example 3 


45 


0.20 


slightly 
tapered 


430 


X 



[0163] 

It is understood from the results shown in Table 3 that the 
negative resist compositions of the present invention have superior 
properties in sensitivity, resolution, and profile as well as in 
development defect and coatability, even under electron beam 
exposure of high acceleration voltage compared with the composition 
of the comparative examples. 

[0164] 

[Effects of the Invention] 

The present invention provides negative resist compositions 



for electron beams and x-rays wherein the composition have excellent 
sensitivity and resolution, enable vertical profile formation, and excel 
in development defect and coatability performances even in 
conditions of high acceleration voltage. 



(51) Int. CI. DCS FI TC 



G03F 


7/038 601 


G03F 


7/038 601 


2H025 


C08F 


2/50 


C08F 


2/50 


4J011 




12/34 




12/34 


4J027 




16/12 




16/12 


4J100 




16/36 




16/36 




C08F 


20/10 


C08F 


20/10 






20/54 




20/54 






22/30 




22/30 






28/02 




28/02 






290/00 




290/00 






290/12 




290/12 






299/00 




299/00 




G03F 


7/004 501 


G03F 


7/004501 








504 


504 






7/027511 




7/027511 




H01L 21/027 


H01L 


21/30 502R 





*Note: DCS = domestic classification symbol, TC = theme code (ref .) 



F term (ref.) 



2H025 


AA01 


AA02 


AA03 


AB16 


AC05 




AC06 


AD01 


BC14 


BC19 


BC34 




BC43 


BC64 


BE00 


BE07 


CC04 




CC17 


CC20 


FA17 






4J011 


QA03 


QA08 


QA12 


QA22 


QA24 




QA26 


QA33 


QA34 


QA46 


QB01 





QB03 


QB11 




SA87 


TA08 




WA01 




4J027 


AA02 


AA08 




AJ08 


BA04 




BA19 


BA23 




CA23 


CA25 




CB02 


CB03 




CC08 


CDIO 


4J100 


AB15P 


AE81P 




AL60P 


AL74P 




AP02P 


BA02P 




BA05P 


BA06P 




BA20P 


BA29P 




BA38P 


BA40P 




BA55P 


BBOIP 




BB07P 


BC02P 




BC07P 


BC08P 




BC43P 


BC48P 




CA04 


CA05 



QB16 


SA78 


SA83 


TAIO 


UA03 


UA04 


AC03 


AC06 


AH03 


BA08 


BAIO 


BA17 


BA24 


BA26 


CAIO 


CA26 


CA29 


CA34 


CB09 


CBIO 


CC06 


AE82P 


AF11P 




AM03P AM23P 




BA03P 


BA04P 




BA15P 


BA16P 




BA35P 


BA37P 




BA41P 


BA51P 




BB03P 


BB05P 




BC03P 


BC04P 




BC09P 


BC41P 




BC49P 


CAOl 




DAOl 


JA38 
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k'^;l/7xy-;W, 4$H¥9 - 1 6 6 8 7 0 4«ctt 

* s-MMm. IE«:^Pi¥8 - 2 4 0 9 1 1 -^Cc« 

[000 53 ^^JtK^ffiKcoora. «^8 - 3 6 
3 5^tCttW«^ny>fb^ ^¥2 - 5 2 3 4 8 
^tCttB r.Cl *JiBftCfc7¥«Rfb^ft. «ra^4 - 
367864^ ^P§^4-3 6 78 65-^tC«Br. 
40 C 1 tfim&LtcTfr*)^ 7^n+*/l^Wt 

R<b^», #H¥2 - 1 5 0 8 4 8-^. ^^F6 - 1 9 

97 7oma*a- k^a 4 xju^x->A{b^«j, » 

^¥3-8 7 7 4 6^lCtt^P7^>^W- h<b 
^BJ, ^¥4-2 1 0960^, »H^4~2 1 7 2 

>ft6ft, W3¥4 - 3 3 6 4 5 4f KBB r 4 I gft 
TJl'+^h !/T5*>ft£*l. «»^4-2 9 1 25 8^ 
CCttX^*>r^ h\ x;V^>^^ Ffb^tt. «fW^4 
-2 9 1 2 5 9-^tCtt*ffi7xy--rt/fl!>XJl/*>K<b^ 
50 a % ^P§^4-2 9 1*2 6 04. ^¥4 -29 I 2 6 
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20 



1^, *tm i 6-2 0 23 20-Sffc:tt:*:7 h*y>^r 
^ K - 4 - MfrS*. *$ii§¥5-2 1 02 3 

9#CC«^XiV*>ftd« % #^6-236024^ 

5 3 4 4 7 4 2 -^fc: te^ > * - Mb^gJ^* 5 

[0006] »C»8H^fc»bTtt t 8fH¥3 -75 

6 5 2^ *tlfW5 - 1 8 1 2 7 $^¥7 - 1 4 
65 56^tC«^ h*^^M/^5 5>{b^ft 
4-28 1 455^ W5-232702^ v 
¥6-8305 S^ttT^ + ^^x-f^ 
Wr ZitS®. 4#H¥5 - 2 8 1 7 1 5^0C«^^^ 
>{b£*. ^?5-13 44 1 2-Sf, «fH^6-3 8 

«!. eWJF6- 1 9 48 3 8-^6CtthV*^><fc^ft 
OOffe, 1 -293339 #fB*©T W * 

[0007] 

»Xttxa©ffi««:»br. Aft. ui?xb» 

[0008] 

3&D«rit» ^AMi-r set "cm*tc»«s n^ci?:i* 

R 10 



[0 0 09] (1) (A) «*«XttX«©JB«5CJ: 
D. MR^/Xtt^^^^aiRif^ft^ (B) 

IB. (C) IM>micJ:D (B) ©8tti£Syg££D& 



30 



R ^ 

K 8 O 



vm so. sex. (d) y ? mxR-V/xiO" 

[0 0 10] (2) (B) ft»ct>Wn#. -flSSC (a) 
1912 ( 1 ) tCiEaEOS^XliX^ffl^^Mpy^ hm 



(OR4) 



[0 0 1 1 ] 
[<t3] 

-fCH 2 -<f-}- 
(a) 

[0012]^ Ri&Tkmm^ Aoy>g^. 

( b ) , ( c ) . Xtt ( d ) ©fsjn^CDS. g&g£*f 
Rw Rs«I^O*ctM^o-cir^rtH< v fc 

[0 0 13] 
Ut4] 

^12 Rl3 ^14 

C=C— A 3 — (CH)— (CH) — 



(b) 



(c) 



^16 Rl7 

R 15 -0-C-C=C— A4- 
O 

(d) 



(5> 

7 

[0014]^ R,-Ri^ Ri»» R 1? tt**l§i 

T^P+^a^^To r», Ki^sir 
^S, xwtr >; A,wf^ 4 
^^P7;i/tu>I 4 fcL<»r i ;-u>*, Xte-o 10 

~S0 2 - V -0-C0-R 2( ", -CO-O-R 
u-, -CO-N (R,,> -R,,-£*T. R l0 . 

l*x-?Jt4Hft. x*x;M&& 75 K«S, 

£ t ^^d7^U>I, R lt tt 
To A,tt*»^ -0-R 21 -. -N (R„) -R 15 20 

u>S. -o- v -so,-, -co-, -co-o- 

0Xttl«±<3DS»**r. (SU -JBK (a) 4> 
fc<±fc-ottHB«<bK <c).tU<tt(d) 
<E>S£WT£* £/cR l — R 4 CD5*3<D:io x X«R,~ 
R,cd— otR s 4>L<«R t ^^br^?:^Lrfe 30 

[0 0 15} (3) Tgfc: (E) WkXf/'XXX'yi'iJfr 

^£#WlT*C<t£1#®<hT£iytB (1 ) XI* (2) 

[0016] (4) Hfc: (F > 

wr^ci^^t-r^fuiB ( i ) - o) (o^-rnip 

[0017} (5) (A) &&<Dit&to&. . 

tizc L*w&t-rzmi (i ) - (4> (D^-rtiip^ 

[0 0 18} (6) (A) ti&<Ml&toi>\ N-fcFn 
~;l^T W * >{fc£«rc*S C <h * firs 

(i ) - (4) (D^rn^tcietKDmiF^xux^^ 

[00 19} (7) (C) tFP*J/ 
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( i > - (6) <D(r*rn^6cRts<z>a-T«xttxa«* 

[0020} (8) (C> f$&<D$mfflifi> T^n*f 

£«»±1-SfMB (1)^(6) ©lr>rtl**tCffitt<DS 
[002 1 ] (9) 7 5keVJ^±©MlmE^#Tr 

s^ausw-r-sci^ftai-rsBSs (i > - <8> © 
c»rti^(cstt©«^axttx«s^/®[u2>x him 
m. 

[0022] 

(i) (b> own 

^ffix*mms*'j>tz< <t & i flw^6*^»-cT 

[0023] -«K ( a > R, KtWRJSC^ ^d^t* 
±IB-M^ ( b ) % ( c ) m X« ( d ) (DfHJtx^oS. 

[0024} R,-R l2v R lfr , R 17 «7k^^. 

*JlsWXltJ\UT**)Vm*:£k-$: R„ m R lf% «7jc^ 
^ny>i^ tFD+^S, S»a*WLT 
tr^r^Mc^ r^=»+s/S, 7vp^->i 

[0 02 5] Artzmt&s. mmm&murbmiK 2 
m<o7)v^u>m. T^tr-is^m. ^^n7^u> 
bis<izrv-u>m. xi*-o-. -so,-. 

-O-CO-R,,-. -CO-O-R,,-. -CO-N 



9 

(R,,) -R,,-£3W. R iB . R„* R, 3 tePJDr*> 

t^MJHS. rum ^i/^vi^Ktt^u^ F 
07^u>B, rjv^r^u>m, ^^ar;Ku> 

[0 02 6] R 81 tt*«R^ g&S£WOTl>T*>A 

ttrv-^st. a. -o-r,,-, - 

N (R 2l > -R t ,-*». A,W*ft&> -SO,-fe 10 
U<ttTJMrU>*»*«UC«>At», 

i/c6Ai*. ry-u>a=&st. A 4 tt#tS^ g& 
S&firisTfcAi>. 2ttz>y;u*u>s, ^^07;^ 
u>g. r ';-u>s. -o-, -so,-, -co 
-co-o-R ia -^ar, 

[0027] x % y, zBOXttl^SU m. nttO 
XttlfiLt©M«1". fit'. HBBC (a) 
<ife— o«-g5^(b). (c) % fcO<» (d) CD 

(D-o <t R , *> L < tt R . L/ riR«»JlK l/~C&A 20 

[0 0 2 8] SSfcR^R,^ RnOT^iHilt 

ffiyccts. ^*";U2> x^;us, yptrt^ rv-^^JU 

[0 0 2 9] R z -R„ R 1S * R,i©^fP7^1 

M#»B!rt>A<. *h«st*>ai». «Bi£ t,rw:K 

>fv*'D~ji/g x ^>^p-o^;i/g v a-f 

[0 0 3 0] R 5v R^T^^^Sittii, (MiLtf 

t^—AdE* TU^** ^f^-JH, ^^n-v+-fer.;i/S 

[003 1} R«—R». R l$ . RwOT'J-JUSibT 
te. W*tf6BR»6 — l 5§KDTy-A»r*->T, ^ 40 

2. 4. 6- F'J^WxijHt 

7>F»;;i/i^w^i,<mct*iT#^ r,- 

[0 03 2] R^ R,-^R ll4 R a *. R 17 ^07;K 
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R,-R4©r^U»&Lrtt. MiLtfflSKttl^l oa 
^-f-Wk ;/*y-f*». tr/tp-f^S. "<W-f/vg 

[0 03 3] R lf , R„<DT)te*i/m±V-C\Z* 09*. 

Oflcor^n^5>a*C*or. Tizh*^ 
[0034] A,» A,. R... R lx . R lf ©TiV*U> 

■?r, x^u>s. ^"nt:u>& 

t<t#-C#£ a A lt R l0 , R, l4 R ls or;^^u> 
g^b-n*, mtf^»2~6®07;v^u>gr 
i-r-u>g v :/u-cr-U>g v :7^xu>£ 

[003 5] Am. A 4% R»„. Rti, R 23 C0^^nT^ 
tU>S<bUTit «it«BBR«5-8ffl©^^nT^ 

U>Wg*ft&is<mihZttf-C%*> 0 A t . A,. A 
4. R20. R^. R,,<DT»;-U>^tL/Tti. fflittf 
^Sife6*-1 2ffi<07 'J-l/>l^ot, *7^^U> 

[0 03 6] jg(ccn6©*«:is»3nsajft»iLr 

tt, 7$/S. 7SFI, ^U^K*. t 

©^>. Apy>if (^^^m-^, aaas^, juris 

m . 72/Dt2/i (T-feh3->g, ^nrW-M"* 

[0 03 7] ^/cR.-R,©^©^ X^Ri-R^ 
©-OiR.t b < ttR^»*UT*StOfc«li; Or 

[003 8] *»B (B) ©«BItt. H8a ( a ) ©tt 
0Sly«a#ffi*>6o*&&«rer*orfeAt»3&J. K 



C7) 
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[0 0 3 9} fltSCi^tt^i^^^-il/ 

£*i<lW^S<t^r&*. 

[0040] MftfolClZ. m?L\*T2 Vfr&x-XT-* 
m, W*.\*T)V*fr (T^tA^OWHBlMlttt 1-1 10 
0©feor>#*?£Ol>) T^UU-h T^UiV 

&y^;t\ r^';;i/^x^;k r^y^K^ofcVk r 

^a^+->;k 7^y^x^;W^. r^y^M 
***->k T^y/i^- t ^p;Vx^;Vr 
2-tKD + i/if;l7^';i/-F2. 2 
-So«*jH= Fa+^^ot>7 £ y U- F, 5-th* 
n^^^>^;l/T^ y F* F y^p-ju^pAV 

^/7^'ji/-F. ^>4n«;xn-w^7^;u 

-K ^y^^/VT^yi — F* ^>^7i"JU- 20 
F. 7^7'J;V7d" , Jl/-F, fh7tFP7Jl/7';;b 

[0 04 1 ] ^**yjl*xX7»Jl4L t;v* 

3L?)V>( £^y V- F, -/D^M^^VI/-!-, -fV 

D^M^yi/-!-, -O^^'JU-F, 30 

^u^>i;;U^'JU-K ***\rt^£* y u— 
F* 2-tFP^>x^M^^'JU-F k 4-tFn 

**yu-F* 2. 2-^f;v-3-tFp.^o 
tVM^^'jU-F, F y -rf^P— ;I/7'da*>*/^ £ 
^yu-K ^>^x'J^»JF-^/^^^JU- 
F. ^'j^Wjr^'Ju-F, ^ji^yjuysr^yu 
— K f F7k Fn7Jl/7'j;M^i";i/-F^i') > 

r y-;w** y u- F (WLtf. ^x^w^'ju 

-K ^U^;M^^';U-F, t7f;M$r^';U- 40 

[o 04 2 ] r^y;ur s F^i. Wittf. r^yjbrs 

F\ N-T^^T* '^7 5 F\ (7WJHibt 
W\ ^J^^l^l Ocd&cd. x 

Fa+'/x^H, ^>^;USfr£#&£ 0 ) % N-T 

y-^rfy/i/r^F (ry-^stu-cw:. ^x.^^ 

*x;i^ Fy;l/g, -Fq7xx;H, ^^jUS. 
y7/7 x^jH, tFP^>7 x ^.jH k 27;t>#=*f 50 
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y x~>\,mte£W$>Z>. > v N, N-^T^+^VT^y 

jit $ f (r^+^si &mm*& 1 - 1 0 CO 

4><D. mtf. -rf^K. x^;l,g, 4v7 
x^rt^^>X* % V* P is Jim* $> 

) . n. N-^y-w^yws f (7»j-;p 

— Vx. x;l/T 9 y JkT ^ F*\ N-fc FP^vX 

^-N-^^vr^y^r^ f\ N-2-r-fe fts 

Fxfjl/-N-7-fe^7^'J^7$ Fft£ : 

[0043] ^^^y^7^ fr y * * y 

T ^ F\ N-7)MrWjr^i;>l.7 3 F (7^;Hi 

S* x^;VS % t-:/^;i^ x^;l^^>;t^ t F 
p^x^jl,^ £ P ^ * ~> ) % N 

-7 , ;--»M^^»j;l/75 F (7V-;l^iLttt V 
xx;!,gfr ) , n, N-^T;b*;i^£^y 

;U7£F (7W*Stbttt % x^/l^, ^atvi/ 

-JT-frmtS: ) > N. N-^7'J-;M^ 
^•J^7 5 F (7'J-JHiirtt 7i^H^^ 
) , N-tFP^>x^;l/-N^W^^y 

F\ N-x^;b-N-^x-;l/^^^ »J*7 5 Fft£ ; 

i7'j;k ^^nv^ryji/. *-7'y;ntry^. 
y>Mry;k ^5f>»7»;^ w;>«7'J 
;k £A*Kry*. r-bFit^ry^k M7VM 

<h') . 7»;^>x^/-Wi'; 
[0 044] t-;bx-f;^ WiLfcr. T^^tfx 
;bx-f;b (^Atf. ^^H^^i/x-^;k ^-^^ 

x F+^x^JUtr^^x-T-^, ^o;i/x^;i/brx;i/x 
— r;i/, l ~^^;i/-2, E-^^'afjurx/i/ 
x-fJK 2 -x^^^ji/trx^x-^^. tFP^ 

->x^n/fcfx;bx-7Vk yx-fU>^';3-;l/fcfx;I/ 
x-f;!/. ^ /x^ji/t^;bx-rJk s>x 

?;i/7 5 yx^t'xji/x-f^. z/^Jiy $ /ifib 

P7;i^7 y;i/trx;ux-r-;i/^<>f) , ex^'j-^x 
(f!x«^ib7xx^x-fik trx^u f y >\> 

x— t-;l/^p;l/7ix;l/x-fJl/, tfx;l/- 
2. 4-^^OJl/7xXjl/X-f^ fc*x;l/^t7 ^jbx 

[0 04 5] t'xjl/xxfJl/i, t'x^V^^U 

- K ex;V>fy7'f U-h 4 tfx;U F 'J ^^/I'T'fe^ 

— F » ex;l/$;x^;l/7tf-F, txjV/^u-F, t* 
x;1/*7*px-K t'xjl/^ajl/T-fex- F, t*x;UtP 
^n;l/T"fe"r— F , tTx;l/^ F^VTtf- F, 
^h^y7-fef-h, tx^xxmf-K tr- 
;VT-fe F7-fef - F . tx;l/7^f - F, t*x;U-/3 - 
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13 

^U>, ^OAXfl/X i/^PA^fUX 3-KX 

*;v-3 - h > 20 

+^x^u> : 

[0047] ^PF>ixxt^ *oh> 
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[0 04 8] CO^-C. #>M**5/;**U>. N- 

[0 04 9) fcTFtt:— ^ (a> vm2tiZ1&*)&Uffi 

[0050] 
Hb5] 



(9) 
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15 



16 



*2 V n ' V»- n 2 , 

m I n 





-fCH 2 -9H)- -fCH 2 -( 

m n 





OH 



CH 3 

O— C— CH=CH 2 OH O— C— C=CH 2 

O O 
(1) (2) 

-(ch 2 -9h)- -fcH 2 

m I n 




OH 

(3) 

-(ch 2 -ch)- -(ch : 




CH 3 

0-CH 2 -CH-CH 2 -0-C— C=CH 2 
OH O 



OH 




CH 3 



O— C— NH-CH 2 -CH 2 -0-C— C=CH 2 
O O 



(4) 



-fCH 2 CH)- -(cH 2 -( 

m | n 





OH 



(5) 



O— CH 2 CH 2 -0-C- CH=CH, 
II 2 
O 



-(ch 2 -ch)- -(ch 2 -ch)- 

I in I i 




OH 




(6) 



0-CH 2 -CH=CH-C-OCH 3 
2 II 3 

O 



[0 05 1 ] 



Hb6] 



(10) 
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17 



18 



-(-CH 2 -CHf -(CH 2 -CH)- 
m I n 





OH 0-S0 2 - 
(7) 




CH=CH 2 



-{ch 2 -ch)- -{ch 



m In 





OH 0-CH 2 ^ 

(8) 




CH=CH 2 



-fCH 2 -CHf -fCH 2 -CH)- 
I m |i 





OH 0-CH 2 -CH=CH 2 
(9) 



-|ch 2 -ch)- -{ch 2 -ch}- 




m 




OH 



O— C— CH=CH— C— OH 
O O 



(10) 

-(ch 2 -ch)- -(ch 2 -ch)- 




m 



OH 




(11) 



0-C-CH=CH-e-OCH 3 

o o 



[0052] 



urn 



(11) 
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m 




19 

"fCH 2 -< 



OH 




O— C— CH=CH 2 
O 



5l" 



20 




CH 3 
O— C— C=CH 2 



(12) 



(13) 



j m 1 - 



a. 




CH 3 

0-CH 2 -<p^CH 2 -0-Cj;— C=CH 2 
OH O 



(14) 

-fcH 2 -CH)- -(CH 2 -CH)- 
1 m ' 




CH 3 



O— C— NH~CH 2 -CH 2 -0-C~C=CH 2 
O O 



(15) 



-(cH 2 -CHf -£cH 2 -CH}- 
1 m 6 



CH 3 




OH 




CH 3 
O-C— CH=CH 2 

O 



(16) 

-{ch 2 -9h}- -4ch 2 -cf^ 

to 

OCH, 




OH 




(17) 



OCH 3 
6-c— C=CH 2 

O CH 3 



[0053] 



(12) 
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21 



-fcH 2 -CHf -fCH 2 ~< 

1 m | n 



22 



XH 3 y ^CH 3 p% 
OH O— C— NHt-CH 2 -CH 2 -0-(j:— C=CH 2 





o 

(18) 

-fcH 2 -CHf -fcH 2 "CH)- 
' m - 





"och 3 y "0CH3 ^3 

OH O— Cj:— NH-CH 2 -CH 2 -0-jj:— C=CH 2 

o o 

(19) 



-£CH 2 -CH)- -fCH 2 -CH)- 
I m ' 



a 





OH v ~0-S0 2 -^ >-CH=CH 2 
(20) 



-fCH 2 -CH)- -fcH 2 -CH)- 
I m 1 




o-chA1_/ 




(21) 



-(CH 2 -CH)- -fCH 2 -CH)- 





[0054] 



OH ^ ^0-CH 2 -CH=CH 2 
(22) 

Hfc9 3 



(13) 
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23 



24 



-(CH 2 -CH)- -(CH 2 -CH$- 
I m I i 




CH, 




OH Q-S0 2 -^~^-CH=CH 2 
(23) ^ 



-4ch 2 -ch)- -(ch 2 -ch)- 

! m In 





^CH 3 ~Y *CH 3 
OH 0-CH 2 -^- 

(24) 




CH=CH, 



-fCH 2 -CH)- -fcH 2 -CH)- 





CH3 I CH3 

OH 0-CH 2 -CH=CH 2 
(25) 



-fCH 2 -CHf -fCH 2 -CH}- 
' m n 



OCH, 





-OCH3 
OH 0-CH 2 
(26) 




CH=CH 2 



-fCH 2 -CH)- -fcH 2 -CH)- 
m In 



CH, 





OH 



CH 3 

0-CH 2 -CH=CH 2 



(27) 



[0 05 5] 



[<tl 0] 



(14) 
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25 



26 



(28) 

-fCH 2 -CH)- -fcH 2 -c4- 



O— C— CH=CH-C— OCH 3 
O O 





XH 3 y CH 3 
OH 0-C-CH=CH-C-OCH 3 



II 
O 



(29) 



-4ch 2 -ch)- -£ch 2 -ch)- -(ch 2 -ch)- 

I m I n J 1 





OH 



(30) 



CH 3 
O— C— C=CH 2 
O 




-fcH 2 -CH)-_ -fCH 2 -CH)-_ -fCH 2 -CH)- 

1 





OH O-J 

o 

(31) 



CH 3 

6-C-C=CH 2 OCH3 




-fCH 2 -CH)- -(CH 2 -CH)- -fCH 2 -CH)- 
' m In I o 





OH 



1 9 H 3 T P 
o-c— c=ch, o-7 




(32) 



[005 6] 



Utl 1 ] 



(15) 



27 
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28 




m 





CH 3 

OH 0-CH 2 -<pi-CH 2 -0-(j;— C=CH 2 

(33) OH O 



-fCH 2 -CH)- -(CH 2 -CH)- -fCH 2 -CH)- 
' m I o | o 




OH 





OCH 3 
Ok OCH3 

CH 2 -CH-CH 2 -0-C— C=CH 2 

(34) OH O CH, 



-(CH 2 -CH)- 4CH 2 -CH)- -fCH 2 -CH)- 
m In o 




OH 





(35) 



CH 3 

O— C— NH-CH 2 -CH 2 -0-^— C=CH 2 
O O 



-fCH 2 -CH)- -fcH 2 -CH)- -{CH*-' 
I m n 






OH 


c— 




(36) II 


-fCH 2 -CHf 


-fCH 2 -CH)- 






OH 






X CH 2 




(37) 



H3C0 0CH3 

0CH3 " ch 3 




[0057] 



CI 



O 

Utl 2] 



(16) 
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29 



30 



-£ch 2 -ch)- -£ch 2 -ch^ -£ch 2 -ch}- 

I m n I i 





OH 0-S0 2 - 
(38) 



/ 





[=CH, 



-fCH 2 -CH)- -fCH 2 -CH)- -fCH 2 -CH>- 




m 



OH O-CH 
(39) 






OCH 3 
OCH3 
CH=CH 2 



-fCH 2 -CH)- -fCH 2 -CH)- -fCH 2 -CH)- 
I m I n 11 





H, 




OCH, 



OH 



0-CH,-CH=CH, OCH3 



(40) 



-fCH 2 -CH)- -fCH 2 -CH)- -{CH 2 -CH)- 
m n I o 






OH 



(41) 



0-C-CH=CH-C-OCH 3 
II II 
O O 



-fCH 2 -CH)- -fCH 2 ~CH)- -fCH 2 - 

rV rV 



OH 
(42) 



O— C— C=CH 2 
II 2 
O 




[0058] 



[<tl 3] 



(175 



31 
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32 



-fcH 2 -CH$- -fcH 2 -CH$- -fcH 2 -CH)- 
m In I o 




OH 





(43) 



CH 3 
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